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optimal input and output mixes. Following a review of the literature
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ABSTRACT

This report explores some technigques that could assist
educational managers In their attempt tec arrive at more optimal
input and output mixes. Following a review of the literature on
fuput-output analyses in education and a description of the
Pennsylvania Educational Quality Assessment Program (the basis
of the present study), an empirical analysis utilizing single-
and sinultancous-equation systems‘was conducted. Because the
regression coefficients indicate the expected change in any one
cutput due to changes in one or more imputs. but not in the

overall level of educaticnal output, output indexes based upon

the canonical correlatien techuique are presented.

The analysis supports the contention that some realloca-
tion of resources could cnhance the outputs of the educational
systen. Regarding the equation systems, a strong argument was
riade in favor of the development of a simultancous-ecquation
system. The canonical correlation technique was found to be
useful in developing an overall output index. Although the
output indexes are not very scensitive to changes in the output

set, they are sensitive to chonges in the input sect.
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and outputs in Pernsylvania secondary schools collected, in part,
by the Bureau (now Division) of Educational Quality Asscssment,
Pennsylvania Department of Education, and, in part, by Rodney J. Kuhns,
as part of his doctoral dissertation at The Pennsylvania State
University (Kuhns, 1972). The current effort would not have been
possible without the cooperaticn of the Divisien of Educational
Quality Assessment and Dr. Kuhns. 1 therefore wish to express my
gratitude to Dr. Thomnas E. Kendig, Dr. J. Robert Coldiron (both
of the Pennsylvania Department of Education), and Dr. Kuhns for
their cooperation in making their data and other documents available
for this study. I would also like to thank Professor Teh-wei Hu and
Dr. Coldiron for reading and commenting on a previous draft of this
report.

The second chapter of this report was written by Dr. Stephen D.
Millman, Staff Specialist for Student Affairs ad Services, Maryland
State Brard j7or Community Colleges. Computer assistance was provided
by Maureen C. Gallagher. Alice Beamesderfer coordinated the production
of the final report, edited and proofed the manuscript, and prepared the
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CHAPTER 1

INTKODUCTION

There 1s increasing awareness of the need to apply rigorous
management technicues to assist educational decision makers in
allocating scarce resources. The need for greater educational
productivity has been placed into a sharper focus by the fiscal
problems confronting education. The basic reason for such
fiscal problems has been the ever-increasing costs of education--~
desplite a reduction in the rate of increase in enrollments and,
in some cases, an absolute decrcase in enrollments--which are
related to higher input costs despite little or no improvement
in educational productivity. When costs increase but productivity
remains essentially constant, costs per unit of output must
increase, and therefore schools must seek increased public support.
In an effort to reducce the burden of government operations, ecconomy
minded legislatures and boards of education arc reluctant to
increase tax reveaues in proportion to the increase in educational
costs. Something, therefore, must "give." FEither the level of
production rust decrcase, or wavs must be found to produce the same
cutput from a smaller input bhase,

he assunption underlying this study Is that there exist
some possible ways Lo reduce input costs without reducing the level
of educational output, or, alternatively, to produce a greater level
of output wtilizing the same amount of i{nputs. This neans, of
course, tiot sananenert decisions in education have not been optimal,
This 15 sol te say tiut ecducational adminfstrators have necessarily
been lax, but rather that the nature of educatfonal production {s so
complex that cven the best adninlstrators would be unable to arrive

al an optiral decicion,



The study therefore explores some technlques that could assist
cducationial managers in thefr attempt to arrive at more optioal input
and output mixes. No panacea is offered here; only suprestions which
would require thoughtful and searching analysis alony with serious
data collection are proposed,

The report bepins in chapter 2 with an overview of input-
output analysis as it applics to educatien, including a briel survey
of some of the major input-output studies in education.

Chapter 3 provides a brief introduction to the Pennsylvania
Plan, which forms the basis tor the analysis developed in succeeding
chapters.

The next chapter contains single- and simultancous-equation
systems describing input-output relatiouships for the fitty-three
Pennsylvania secoundary schools {as of fall 1971) for which extensive
data are available. Some applications of the results are also discussed.

Chapter 5 preseats a discussion of the development of an
educational outpu: index using the technique of canonical correlations.
Several outpit indexes are developed and compared, and applications
of the output index analysis are exploved.

The major conclusions of the study are reiterated in chapter 6.

ERIC
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CHAPTER 2

INPUT-OUTPUT ANALYSES: A NEW PERSPECTIVE FOR FDUCATION

The VWide Domain of Input-Output: An Intrecduction

Having just passed thro h a period of very great growth
at all levels, American education has most recently shifted its
focus frem issues of quantity to those of quality. A decline in the
school-age population, combined with the emergence of other competing
societal priorities, have made educators aware that they will be
increasingly called upon to demonstrate that the output of formal
education is commensurate with the magnitude of inputs being
committed to educational processes.

Educational inputs and outputs have been notably difficult
to specify--not to mention the problems of quantifving them once
some depree of consensus has been reached about their mere {dentifi-
cation., As Katzman (1971} points out, the determination of whether
pavticular schools have performed satisfactorily in the past has
been made In two basic ways, One could either look subjcctively at
the school setting and try to "feel” whether it appears to be
working well, or once could attenpt to make objective judgments about
the resources being consuned and the product being put out. The
former is clearly the most commonly used approach and has a long
history of evolution; however, the latter method 1is the emeryping
approach and the once with which educators will need to deal {f they
are to justify enrichrent of educational proprams in the vears ahead.

1t st be understood that problens rewmain in operationalizing
educational Inputs amd cutputs and in developing a true educational
productica function, For exanple, in studying the effects of schooling
on equality of opportunity, Jencks and his associates (1972) explain
why they were forced to use standardized test scoves as a measure of

cducational attainment.

O
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Woe have looked at cogoitive skilla, as measured on
standard{zed tests,oouWe have sot looked {a any
detaft at habits, values, or attltules,  The reader
should not infer that we thinx test scores more
fmportant than values or character.  We take a

dim view of test scores, both as measures ol
sctiools' effectiveness and as neasures of fnd tvidual
tatent.,  But while cognitive tests have many obvious
detects, most neasures of attitudes, values, and
character structure arc even worsa, In the

absence of evidence, theorists must rely on intuition
and personal ecxperience.  These have proven a poor
gutde to the one thing we can wmeasure, nanely,
copnitive skills. .. (Jencks et al., 1972, p. 12).

Jencks' example 1s important to the comprchension of
what follows because it argues that we must use indices, even
though they are less than perfect, on the assumption that what
information they do provide is better than having no objective
information upon which to base frportant decisions. While we may
still be far from the ultimate goal, each tentative step brings
us closer to our objuctive.

The organization of this chapter is as follows. A discussion
of the general area of open systems theory is presented first and
forms a theovetical hase for the specific input-output anilyses
wvhich have been done in the field of education., This discussion
{s followed by a review of some of the studies which have been

undertaken in elementary and secondury schools.
The Erergence of Input-Qutput Studfes: A Svstems Perspective

Until the very recent past, educational institutions had not
regularly undergone the type of critical scrutiny familiar to other
"complex orpanizations''--notably the for-profit corporate structure.
Fducation, it was said, was so different from the productien processes
in other sepments of the economy that principles of a general nature
about the structure, functions, and operations of other orpanizations
would not apply to educational institutions. In reviewing the available
research on the organizational characteristics of American education,
Anderson (1963) concluded that:

Q
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...the literature in this field was largely reminiscent,
anecdotal, or hortatory, and what passed for research

was largely of the normative-survey variety....The procedures
of the resecarch or its tindings did not tie in, in any
systematic way, with what is being called a theory ot
organization or a sclence of management (p. 1).

Tkenberry (1972) points out that the traditional fnabilicy
to consider education, particularly higher education, within the
context of general organizational theory has baai*due purportedly
to the following factors: (1) lack of clarity in the specification
of specific, stable missions, goals, ov objectives; (2) extreme
decentralization of academic authority within institutions; and
{3) the disproportionately high number of professional employees--
that 1s, faculty and other supervisory staff,

However, as the number of other service industries in our
society has increased, 1t has become apparent that Institutions other
than schools share many of these characteristics and are still
arienable to objective analysis. Some changes in terminology are
needed to conform to different purpeses and rationale, but much
can be gaincd from application of the methodclogy deveroped for
judging the effectiveness of functiening organizations in general.

Willingness to examine the ef{fectiveness of educational
institutions in terms of use of resources vis-a-vis outcomes has come
about, in larpe part, due to acceptance of a systems pevspective of
education in line with gpeneral systems theory. A brief discussion of

the development of systems theory woeuld therefore be useful,
Svstems Theory

Chuvchman (1968) defines a systew as "a set of parts coordinated

to accormlish a set of poals' (p. 29).  In a more detailed fashion, Hall

and Fagon {1963) descrile a system as "a sec of objeets topether with

relaticnships between the objuects and thelr attributes" (p. 81). They
furtler define abjects as the components of the syster, attributes
as the properties of the objects, and relatfonships as those thiongs

that "t {c¢ the systen topether” (p. 82).



The value of a systens orfentation 1s that ft allows and
cncourayes one to sce the dynanic relationships whilch exist between
the components and the envircenment cutside the system.  In analopue,
one could allude to the difference bewween a movie and a snapshot.
In the matfon plcture one can see not only the components and thedr
attributes, but also their paths of movewment from one state to
another,  Rather than a statle plcture, the svstems approach
attenpts to show and account for "flow of energy."”

Increasingly, the attempt is to view organizations as "open

systems,"” that s, systems which interact with their environments.
While the concept of open systems originated {n the study of thermo-
dynamics (Bertalantfy, 1950), it appears to promise wide acceptance
in many areas, not the least of which is mnanagerant sclence.,
Goulduer (1959) introduced the teris rational and natural
systems into the management literature to correspoud rougnly with the
physical concepts of closed and open systems, respectively. Move
recent theorists refer to closed and open systems directly. The closed
systen sces the organization as an Instrument which can organive itself
internally more or less independently of the conditions outside of
the system. The open system, on the other hand, 1s viewed as an
organization which {s in "dynamic equilibrium," wmalntaining itself
“in exchange of materials with the enviroanrent and in continuous
bullding up and breaking down of components" (Bertalanffy, 1950,
p. 23).
Authors generally associated with the closed system approach
include Henril Fayol, Frederick Taylor, Max Weber, and Elton Mayo
(Hall, 1972). Irrespective of their substantive differences, each of
these writers strove to find the "one best way" of organizing
internal struc ures and conditions. Two of the most well-known dicta

deriving from this perspective are those dealing with '"span of

control" and “unity of command." The approaches identified by the

terms scientific management, hunan relations panagenent, and the

ERIC .
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management. Relatively fewer people are familiar with the newer

open systems model.

J.awrence and Lorsch (1967) put the matter this way:

Until very recently, organization researchers and
theorists have tended to view the internal func-
tioning of effective organizations as if there

was one best way to organize. No attention was
devoted to the problem in which we are interested--
that different external conditions might require
different organizational characteristics and be-

havior patterns within the effective organization
(p. 14).

Katz and Kahn (1966) have written what many counsider the

definitive work on open systems. They state:

The theoretical concepts should begin with the input,
output, and functioning of the organization as a
system and not with the rational purposes of its
leaders....Our theoretical nodel for the understanding
of orpanizations is that of an energic input-output
system....Living systems, whether biolopical organisms
or social organizations, are acutely dependent upon
their external environnent and so nusbt be conceived

of as open systems (pp. 16, 18).

Katz and Kahn go on to discuss the key elements of all open

systems, whother biological or social, They detaill the following

nine separate characteristics, the headings of which are repeated

in their terminology.

1. lmportaticn of energyv: Some forwm of energy is input into
all living svsteas in terws of moncy, people, material, and/or
information frema the environment.

2. The throush-put: Scne transformation of the inputs takes

place within the systoem,

3. The output: Sone product of the transformation process

is exported hack to the ecuvironment.

4. Systens as cyveles of events:  There {3 a pattern within

systens thnt is relntorced by the csport of outputs to the environnent,

Internally, there are also patterns which recur as new clements are

foput,
O
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5. Negative entropy:  tntropy (s the process whereby
svateas, over time, tend to vun down, deconpose, ete.  Bullding
negative entropy entails the developrment of means throuph which the
systen s replentished,

6. Infermation inputs, negative feedback, and the coding
processt  Information can be as much of an {nput as physieal
canmodities, Nepative feedback fs (nformatfon which deflects the
organtzation back to a planned course., Positive feedback neraely
naintains present course, (A thermostat is an ldeal analogue;
tomperature chiange 18 information to thermostat te bring back to
pre-set temperature level [negative feedback)}. Positive feedback

to thermostat merely "

says'' temperature sctting on thermostat needs
to be changed.) Coding determines what information inputs will be
monitored.

7. The steady state and dynamic haneostasis:

Though elements

are constantly beinpg imported and exported, open systems charactevistically
maintain a steady state. This is homeostasis rather than true equilibriun
since there is wovement, but the relation of energy in and out {is

constant. A safety margin of energy Is input and stored to arrest

entropic process.

8. Diffecrentiation: Open systems tend to move toward a more
ceiiplex form and a more specialized division of activities.

9. Egquafinality: In open systems there are rultiple paths
to the same goal. There is no “one best way,"

Principles such as these quite obviously give us a new sct of
paramcters within which to evaluate the fuactioning of organizations,
Since they were conceived to be of universal applicability, they do
not have the closed system disadvantage of being idicsyncratic to

particular settings-~such as the profit sector of the economy.
The Many Uses of an Input-Output Approach: An Overview

The basic concepts of input-output analysis have been used
in different ways in the various levels and settings of our educational
system. In higher education, the unit of analysis has been the academic
O
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department (and other cost centers) and stress has been on dollar

inputs. In contrast, input-ocutput studies of elementary and secondary
education are concerned with the individual student as a unit of analysis
with individual characteristics and sociocultural factors as {inputs

into the process through which competencies--the output of the system--
are developed, Use of the flexible input-output approach in such
diverse ways lends to the overall heuristic value of the concepts.

Since the emphasis of the present study is on the explanation
of student performance in the elementary and secondary school setting,
use of input-output techniques as a financial management strategy in
higher education will be discussed here only briefly before delving
directly into the topic at hand. While input-output studies
of higher education, conceived of as management tools, are a nore
limited view of the total utility of the approach, they do denmonstrate
the variations of the thene in education as a whole.

Pourke and Brooks (1966) believe that there has becen a
"managerial revolution in higher education'” under way since the early
1960s. In their view, the new approach to higher cducation administra-~
tion has come about due to: (1) expanded use of computer-assisted
records systems; (2) extensions of institutional research capabilities;

and (3) the adoption of new managecent tools originally used in

| ]

other "complex organizations.’
Most characteristic of the new management tools applied to
higher cducation is the Planning, Programming, hudpeting System (PPRS).,
First inaplemented in the Departusent of Delense (lliteh, 1971), the
systen was being operatienatized in all federal agencies by 1965,

PPBES can be coasidered one specific technigue of the gencral
approach known as cost-lenefit analysis.  Hu, Lee, Stromsdorfer, and
Kaulman {1969) define cost-benefit analvsis as "a procedure by which
relevant econonic and nonecononic criteria ave applied to cost and
benetf it data to cenpare the relative mevits of alternatives” (p. 20).
Succlnetly stated, the intent Is to compare not only the costs of
difievent altervative courses of action but atso the beacelits that

cach would produce,
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This approach differs markedly from what fnstitutfons of higher
cducation atrempted to do in the past through budygetary and planniog

functions. As Clark and Huaff (1972) point out:

Traditionally, fnstitutions have plamned and budgeted on

the basis of inputs to departments in the form of dollars,
taculty, staff, physical facilities, ete. Relatively little
reference was made to the outcumes of the proprams those
departuents support. Thus, resource requests In traditional
budyets have failed to link costs to propram outcomes (p. 5).

Since propram budgeting is the most frequently adopted
vehicle of cost-beneflt analysis, the present description will focus
primarily on this specific technique. Parden (1971) notes that a
planning, programming, budgeting cycle can be conceptualized In

terms of the following ten sequential steps:

1. Establish objectives and goals.,

2. Develop alternative programs which will accomplish
the same goal,

3. Estimate resource requirements for each alternative.

4. Estimate bencfits to be gained from each program
alternative.

5. Develop an operating plan by selecting from among
alternatives,

6. Test the long-range fiscal implication of the plan.
7. Compile the annual budget.

8. Evaluate the success with which program benefits are
achieved.

9. Revise planning standards.

10. Repeot the cycle te accommodate changes In objectives,
goals, available resources, and the institution's
environment (fron pp. 203-208).

The way in which these ten steps are input into the planning,
programming, and budgeting process is described by Farmer (1970):

long-range objectives of the nrganization and the
systematic analysis of varicus courses of action in terms
of relative costs and beneflits.

10



be followed in carrying out planning decisions.

Budgeting--translating planning and programming decisions
into speciftic financial plans (p. 7).

Weathersby and Balderston (1971) view the matter similarly
and add a time frame for the entire process. Their schema is

presented below:

FUNCTION LEAD TIME ACTIVITY

Planning 5 to 15 years Articulate global objectives,
costs, and lLenefits.

Programming 1 to 5 years Translate global objectives
into a specific short-range
course of actien.

Budgeting 0 to 1 year Determine specific financial,
manpower, and policy plans
toward goals (adapted from
p. 4).

According to Dilley (1968) the implementation of such a
programmed budget format ameliorates many of the problems of traditional
"line-iten" budpots by providing: (1) a record of accomplishments as
a function of costs, (2) detailed planning for the whole institution
as well as its parts, (3) planninis in specific written forn so that
it can be discussed and reviewed by all invoelved, and (4) planning in
time perspective so that alternative courses of action can be evaluated
in terms of long~tern cnpabilitios.l

Bufore delving directly into a descriptinn of the types of input-

cutput analvice which have been pevforrmed with repard to individual

1

Additional inforoatfon on PPRS {mplenentation and {mplications
can be found fn Nowton (1972) and Hat € and Maaning (1972).
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performance {n the elementary and secondary schools, it s appropriate
to mention briefly another spin-otft of the basic approach which is
sonerating much fnterest in oeducational cireles.

Increasingly, atteatfon Is bedlag centered on the development
of criterion-bascd school curricula. Also known as conpetency=- or
performance~based education, the new emphasis €s placed on dotermining
vhat specitic skills are requisite to particular educational attainmants
(as a measure of schiool output), In conjunction with a specification
of the Inputs gecessary to reach these nttdinmcnts.z With regard to
teacher education, the requirenments for cervtification {n many states
have been radically altered to provide fov competency-based programs
as a substitute for presentation of selected course work. In New
York and Texas, ability to demonstrate specific competencies has now
beea nandated as the sole rovte to teacher certification (Resner and
Kay, 1973). Clearly, the attention of many has now been dirccted
toward the actual copnitive and noncognitive abilities of students
leaving educational iastitutions, ‘This approach is in stark contrast
te traditional reliance on the depree or diplona as a credential in
itselt,

While the approaches discussed in this section indicate the
diversity of present and potential uses of input-output methodolopy,
the most common use of {nput-output analyses {and the one pionecred
by cconemists) has concerned the development of a tentative production
function for elementary and secondary education. It 1s this topic which

forms the basis for the next major section of this chapter,

Much of the work on criterion-based education has taken
place in the context of teacher-preparation programs, WwWhile a discussion
of these etfforts is not within the scope of this study, additional
information can be found in Schnieder (1973}, Elam (1972), and
Broudy (1972).

12
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Ioput-CQutput Studies:

The beveloprient of an Fducational Production Function

for Elementary and Secondary Education

A production functien, quite simply, 1s a technical state-
ment of relation between inputs and outputs. As Burkhead and his
assoclates (1967) indicate, "The functicn may be conceptualized
as a set of relations among possible factor {uputs and a corvesponding
set of outputs for a firm or industry. For a given set of inputs,
the production function pernits the choice of the locus of maximum
output'" (p. 18).

In developing a true production function for education, one
is hawpered by a number of problems. The absence of any genevally
agreed upon theery -f learning is perhaps wost troublesome.

In place cf a unitary theery, one finds that educational psychologists
have pesited a plethora of theoretical orientations which seen equally
plausible at present.

Additionally, it must be pointed out that if the process is

-amenable to various modes of analysis, so also is the output of

education less c¢lear than one might hope. Most commonly, the
cducational process {s assumed to have multiple outputs, including
caopnitive develop.ent, improved citizenship, and the potential for
ccanoniic independence,

A procineat Canadian educator, W. R. Wees (1967), considers
the fornal thrusts of c¢ducation to include at least the following:
(1) to tcach what is called a body of knowledge; (2) to develop
character and train for citieenship; (3) to foster intellectual
dovelopzent for the society; and (4) to transmit such skills as to
qualify stadeats for gainful and productive Hife. Bloom (1950)
{ikewioe sees a mmltdiplicity of educational ebjectives in the
copnit ive and noncosnitive domains,

Ao analvsls by Heln (1972) shows the complexity of problems
affecting the developoent of an educational production functioen,

He dadicates:

13



O

ERIC

Aruitoxt provided by Eic:

Tt 48 po casy matter to specity a theary of production as {t
applies to coducation.  One reasen s the teadition of defining
the vesponsib{ility of schools to be that of offering
oppertunitics for cdicarion rather than Insuring that
individuals receive an education, .. A second factor

whiich has discouraned attenpts to develop a theory of
produczion of educativaal outpur s the Jitficuley of
{solating unambipuousty the school and nenschool lntluences
which topether vesult {n the educational product., A thixd
reasan for the primitive stiate of production theory in
education has been the ltack of agreement as to what the
proper output of educational institutions should be....

As A result of these and other forces, proportionally less
effort has been extendued to the question of input-

output relationships in the education industry than ig
typical of industries producing nore tangible products

(p. 10).

Most fnput-output analyses in educaticn have attempted to
relate student, school, and/or societal factors to the more
limited outcome of student achievement as measured by various
standardized testing instruments., This approach has not stenmed
from any cffort to denigrate other aspects of school output, but
rather, as indicat. d by Jencks (cited eavlier in this chapter),
intellectual achievement as demonstrated on standavdized tests s
the best measure that we have of any of the outcomes at this moment.

Guthrie (1970) sugpests that the first significant atterpt
at input-output analysis was undertaken in 1656 for the Educational
Testing Service by Mollenkop{ and Meiville (1956)., These
researchers attenpted to control for the socioccononic status of
over 17,000 ninth- and tweltth-grade students in 206 schools and
found a number of factors to bhe significantly related to tested
ablility. These factors include the number of guidance counselinp
and support staff in the schools, student-teacher ratio, class size,
and instructional expenditures per student. (This study and those
which follow are summarized in table 2-1.)

Also of great importance in establishing the value of input-
output studies was the New York State education department's large-
scale Quality Measurement Project (Goodman, 1959). Utilizing a sample

of 70,000 seventh- and eleventh-grade students in over 100 districts in

14



TABLR 2-1

Sumrary Chart of Fifectiveness Studfes on School Service Components

LT PP WY

o mar.

PP PRV A

Descr {piien

P e e W W A L LA A B Al G AN S K diE R S B S AS N A X R Aweg YW

Measure of

Pupll Perforsance

Measure(s) of Effective
Schuul Service Component(s)

Study Author(s) of Sample {(School Output) (School Input)
1. Molleakopf and U.S., 17,000 9th (In | Aptituda and achleve- 1. Kumber of speclal staff
Meolville (1956) 100 schools) and ceat tests 2. Class slze

o

. Goodman {1959)

3. Thomas (1962)

4. Green
(196%)

et al.

S. Benson ct al.

(1965)

6. Kiesling (1967)

7. Coleaan Report
(1966)

8. Shaycoft (1967)

9., surkhead
(1967)
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et al,

12th {in 106 schools)
grade, male and
female

New York, 70,000

7th and 1llth grade,
mile and fenale in
102 school Jdistricts

Project TALENT
sanple {national)
i0th and 12th grade,
nile and fenale

Virginia
(Primarily Negro)
Sccondary students

. California 5th grade,

249 school distelcis

New York, 70,000

7th and 11th grade
nale and female In
102 school districts

U.S. Sample

U.S. 108 schools
6,500 9th and 12th
grade, nale and
female

90,001 Chicago high
school students in
39 schools. 19,000
Atlanta high school
students in 22
schools and 180
sn1ll community
high schools

3. Pupll-teacher ratlo
4. Instructional expenditures

Achlevenceat test 1. Sumber of special staff
2. Instructional expenditures
3. Teacliers' experience

f. "Classroon atmosphere”

Achievement test 1. Teachers' salarles
2. Teachers' experience
3. Number of library books

Stantord Achieve- 1. Apgregate measure of

nent Test entire instructional
program

Reading achleve- 1. Teachers' salaries

ment test 2. Abninistrators' salaries

3. Instructional expenditures

Achievement test i. Expenditure per pupil

{in large school districes)
Verbal ability test 1. Teachers' verbal abfility
Bittery of 42 apti- 1. Curriculun varfables
tulde and achieve-

rent tests

Aptttude and achicve- 1. Age of btuilding
tests and schoel 2. Teaclhers' experience

holding power 3. Teacher turnover

4. Teachers' salary

nant
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TABLE 2-1 {Continued)

Summary Chart of Effectiveness Studfes on School Service Coamponents

ETEX ITAEL S L L CLRES TSI S E A AN RIS WA AATE I AR LA RN e £ SRR E 0k R R

Study Autherz(s)

Description
of Sanple

e i i e e b e e e+ e

10. Plewlen Heport
(19¢7)

11. Cohn (1953}

12, Paymond (1948)

13. Katzoan (1368)

14.

howles

(1370

15,

Rowles

{1949)

16. Powles ard Levin

(19644)

17. Hanuslhek (1968)

¢ Fanlish eleventary

1

school students

Icwy high school
students in 377
school districts

Wo Virgloda, 5,000
Wigh school stuleats

Fosten elementary
school students

U.8. 12th prade
Negro nales

1.5, 12th miade
Nepro males

12¢h srade YNesro
stulents and Lth
srale vhite stuleats

Ot oaralde wiite
stulents in 47)
schoola and nHtd
prale Nopro studenes

frn 247 schools

|
!
r
|
t

Measure of
Pupil Performance
(School Output)

Achieveront test

Freshnan year
(collene) CPA and
achieveinent tost
scorcs

School attendance,
scheol holding power,
reading achicvemant,
special school en-
trance cxazination

Verbal aliflity test

Mathenatics and
readiag achifeverent
test and a test of
seneral acadenice
abilfity

Verbal abilfty test

CIOTes

Verhal abflity test

ATASLEETEE DL R 3T D ST SRR &

Measure(s) of Fffective
Scheol Service Component(s)

{Scheool Input)

[

Age of building
Teachers' experience
Teachers' academic
preparation
Teachers® "abilicy”

Teachers' salary
Number of fnstructional
assignments per teacher
Schoel sivze

Teachers' salary

Fupils per classrocn
Student-stalt{ ratio
Atteadance district
eprallment
Teachers'
status
Teachers® degree level
Teachers' experience
Teacher turacver ratio

vmployment

Teachers' verbal ability
Scirnce lahoratory
facilities

Length of school year

Class sfze

Ability grouping

Level of teacher trainfiag
Ape of school bullding
Vypenditures per pupifl

Teackers' verbal ability

Teackers' salary

Teachers' verbal ahiliry
Teachers' cxperience
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TAELY

2-1

{Cuntinued)

Sutrrary Chart of Effectiveness Studfey on School Scervice Ceaponcents

L R L R R e R o N L L b L W WP P S B SR T L P R WP I NP T T P S Y B

Stedy Author(s)

18, Ribich (1968)

19. CGuthrie

(1969)

et al,

Source:

Description
of Sasple

Myeasure of

Pupil Pertornance

(sehool Qutput)

Project TALENT
saaple

.284% 6th grade
students in Michigan

N -

Achievemeat test

Reading abiliey,
rathematics under-
standing,

verbal fac{licy

Reproduced from Guthrie (1970}, pp. 47-48.

|

Measure(s) of Effective
Se%ol Servies Conponent (s)

(School Input)

Expend{tures per pupil

Scheol site size

gnilding age

% classroons makeshift
Lidrary volumes

Textbook supply

Teachers' verbal ability
Teachers' experience
Teachers' Job satisfaction
School slze (curollment)
Classrooms per 1,000
students

% of students transferring
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the state, the results were meant to be wveneralizable Lo all schools

fn New York., Input factors found to be sigalficantly correlated with
measured student achievement {nclude per stadent expend{tures, nanber

of special staff personnel, anount of teacher expericuce, and "classroonm
atmosphere.”  The latter factor evolved from an fn-class observation

of the teacher's effort to relate the formal course conteut to the

needs and abilities of the particular stadents.

The next major study was undertaken by Thonas {1962) employing
the data yenerated by the "Project TALELNT” study. This sanple consisted
of tenth- and twelfth-grade students in over 200 hign schwols across
the country. In one of the tirst major studies to use regression (in
contrast to correlational) teehniques, Thenas found the tollowing
factors to be of importance: beginning teacher salaries, amount of
teacher expericonce, and number of books in the school library.

Perbaps the largest, nost comprehensive, and most hotly -
debated study was published in 1966, Directed by James S5, Coleman
and his associates (1966), a study entitled Equality of Flucational
Oppoctunity attenpted to determine the school and nonschool factors
related to the achlievement of over 600,000 students from coast to
coast. Popularly known as the '"Coleman Report,' the study found
very little association between school facters (taken singly or
collectively) in comparison to nonschool factors. Of the school
factors, the teacher's verbal ability scemed to be of most importance.

The Colenan report has been criticized alonpg three basic
axes. First, there {s uncertainty as to whether the measurements
used are sufficieat for the task involved. Secondly, the handling
of the data is thought by somne to have been less than precise.

Perhaps most damning, however, is the fact that nany contend the
manner by which the regression technique was used “stacked the cards"
against any strong showing by school factors.,

Basically, this latter argument is that step-wise nultiple
regression requires the statistical assunption of independence of
variables, Where such Independence is not present {(i.e., multi-
coilinearity is present), the first variables to be entered (in

this case nonsclool factors) will appear most potent. In point of

18



fact, the nonschool and school factors may be so nested within
cach other that their eftects cannot be so arbltrartly separated.,
This evitielam has been expounded wmost persuasively by Bowles aud
Levin (19630, 1968%).,

Followingy the release of the Coleman Report findings, a
nrmber of other, less extensive stulies were vndertaken.,  The results
of these studies are presented in table 2-1.

After a span of some years, another work has caught the
public eye and galvanlzed public opinion. Perhaps destined to
be as centroversial as the Coleman Report, the work by Jencks and his
associates (1972) sces the appropriate outcone ol schooling not as
demonstrated student achievement, but as equality of opportunity.

In this regard, they [ind the school deficient,

[t is our contention] that differences between schools
have rather trivial long-term effects, and thot clinminating
differences between schools would do almost nothing to make
adults more cqual. Even eliminating Jdiffereuces in the
amount of schooling people get would do relatively little to
make adults more equal. TIf this is true, schools ought

to be judged largely by their short-term effects. This
does not, in our view, weaken the case for distributing
school resources and opportunities cqually, But it ncans
that this case is no different from the case for making

the distribution of public parks, trash collection, or
other public services equal (pp. 16-17).

Jencks contends that the nmain value of the szhool s its
immediate effects as a nilieu. He finds this to be no small task
in itself, although cthers continue to suggest the need for a nore

long-ternm educational output to society.

Cencludinz Corments
This chapter has presented an overview of the many ways in
which educators have found value in the concept of input-output analysis,
The new perspective includes: a general systens appreoach to education;

the implementation of program budgeting, unit-cost, and other analytical

ERIC
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cost=cftectivenesy studfes; the developnent of criterlon~baxed
cducational programs; and the fdeatitteation of school and nondchool
fuputs to level of student achievenent,

This chapter has Yorused salnly on the study of {nputs to
stitlent achievenont,  In movement toward the developomieat ot a
ceanfngtful production tunctfon for eincation, a aumber of important
studies have provided pieces of the total pleture.  The preponderance
ot studies surrests that the charqetervistics of teachers and other
professional support statf! are of considevable inmportance {n fostering
student achievement, [ addition to the catiber of the faculty and
statf, their absolute nuaber and average salarics, as well as the
mechanics of thedir development, appear to add sipnificartly to thelr
clfectiveness.

1t is i{mportant to remember that post studies have Jdealt
with a sinpular aspect of educatienal ocutput--tested cogunitive
achievement. Since few would argue that the cducational process
bonerfits the individual and society only in this one way, Increased
efforts must he direcred toward the task of identifying and measuving

educational cutpurs and the factors which contribute to them.
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CHAPTER 3

THE PENNSYLVANTA PLAN

Since most of the data used in this study were accumulated
by the Division of Educational Quality Assessment, Pennsylvania
Department of Hducation, it is desirable to provide some information
about the gencsis, character, and development of the Pennsylvania

Fducational Quality Assessient (EQA) Program, also known as the

Peansylvania Plan,
Purpoces of the Plan

On August 8, 1963, the Pennsylvania legislature passed the

School Reorganization Act (Act 299). Section 290.1 of the act directed

the State Board of Education to

develop or cause to Le developed an evaltuation
procedure desivned to measuve objectively the
adequacy and erficiency of the educational pyvo-
grans offered by the public schools of the Conmon-
wealth.  The evaluation procedure to bo developed
shall include tests measuring the achicevenoents and
pertformance of students pursuing all of the various
subjoects and courses conprising the cuvricula.  The
evialustion vrocedure shiall be so constrocted and
developed as to provide cacn school district with
releviant compargtive data to enable divectors and
adniaistrators to dove readiby appratse the cedua-
cation,!

delow the streagtaening of the distrdet's cducational
procratie Tests developed undor the authoritsy of

pertorsoace 2nd o eliectiate withoul

this secrion to be adnindsterad to pupiis shall
b used for the purgose of providing

e G ouniforn
cvalustion ol vach

oot diiridct and thie otier

Parpoae coset torta dn tals sabhdivision,  The
state boeard or Hicroacion shadl devise pertorrance

standards upon conpletion ¢f the evaluation pro-
codure rognired by this section (p. vy,

Mifs chopter is based on Rlecatdona ] oonlity Assesment in
i

Pevveslvanda (P23 AT pave nuvhers reter to that jublicatioa,
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The need for sach an evalaatlon was appavent when, in the heariaps
preceding the enactment of the Reoryanieation Act, both projponceats
avd opponents of the reasure relied oo the elusive tern "gulity
cducation” for defease of theiy respective positions,  ihe ohvicus
question then arvose: "Just what s quality education?"”

The legislation eophastzes the use of Lhe data by school
adninistrators in such 1 nanner that the educational decision-naring

process nay be fmproved,

The Ten Goals of Qualfty Hducation

In an effort to Jdevelop a conprehensive instrurent wilceh would
te capable of satisfying the desire to peasure cducaticnal gquality, the
Poncsylvania Deparceent of BEducatien has established the Ten Goals of
(uality Fducation. The choice of the ten roals was made atfter consul-
tation with "civie and professional leaders fron throughout the state'
{p. 7)., These ten poals ave summarized in table 3-1.

It s clear that the Penasylvania Plan prevides {for a measuwrenent
of quality far different from the widespread use of expenditure data,
quality of inputs, or nerely achievercont tests, The plan recognizes
vhe amportance of such goals as attitude modif {cation regarding
such areas as citizenship, race relations, druy usage, and the
tearning process; vocational developnment; and creative outprt and

poiential,
Data Collection

The process of data collection has undergone some changes
since the inception of the plan. 1In the first phase (fall 1968), the
fifth and eleventh grades in 100 schools were selected throughout the
state of Pennsylvania for the purpose of testing the reliabhility and
content validity of the measures developed to assess the attainment

of the ten goals,

O
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TABLE 3-1

Penusylvania's Ten Goals of Quality Educatien

Quality education should:

I. Help every child acquire the greatest possible undevstanding
of himself or herself and appreciation of his or her worthi-
ness as & menber ol society.

IT. Help every child acquire understanding and appreciation of
perseons belenging to other sccial, cultural and ethnic groups,

111, Help every child acquire, to the fullest possible extent,
nmastery of the basic skills in the use of words and numbers.

IV, Help every ¢hild acquire a positive attitude toward the
learning process.

V., Help every ¢hild acquire the habits and attitudes associated
with responsible citizenship,

Vi. lielp every child acquive pood health habits and an under-
standing of the conditions necessary for paintaining of
physical and ewmctional well-being.

VIT., Give every child opportunity and encourasement to be
creative in one or pove riclds of endeavor,

VIii., help every obild understand the opportunitices open to hin or
her to prepare for a productive 1ife and help cach ¢hild to
take full advantapge of these opportunities,

IX.  Help every childd to mnderstand and appreciate as much as poas-
siole of bheomy achicveront in the aatural scieaces, the social
sciences and the bunanitics and the arts,

X.oo telp every ciiild to prejpare for a world of rapid change and
uniorsecable Jelnnds in which continuing educatien throughout
adult Tife stould be a normal expectation.

cvarcer Pducaticnad ooy Assessient In Peansvivaadia (1973)
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In Phase 1T of the plan (fall 1969), "a stratificd randon
sample of seae 37,000 students o prades tive and eleven’in 428
different schools™ was coployved (p. 7). The Jdata were eathered
sainly for the purpose of studying the weantagn o the narerieal
seores obtafned (or the vavious poals so that o Interprecation of
resuales conld be provided to schools I subsoquent testing.

Phase 11D marked the bepiaoning of actual assessoent. Bepin-
ning with the fall of 1970, a nunber of scheols have hoea assossed
cach year on the basls of voluntary participation. On the basis of
the lesislative autherization, thoe new rogulations maze pavtici-
sation mndatory, and one-third ot all schools will be ansessed
cach vear, so that each school will be evaluated once evory three
vears.  The samples tor the periad 1970 to 1973 are summirized in
table 3-2.  In addition te testing Liith and eloeveath grades, assesu-
nent will also be available for seveath, eighth, and ninth grades

to satisfy the needs of middle and junior high schools.

. et cE e ma.i Lol a.niiacpEmtAs ol saztias
! Sunber of b Namber of | Number of
Yeir t Jistvicts | schools | Grade fevel Students
- VORI NEY SR Uy S WU
Fall 1370 to 110 hih4h 5 26,000
1971 89 1t 24,000
Fall 1971 te 49 172 5 11,009
1972 53 11 12,000
Fall 1972 to 84 332 S 23,000
1973 ' 90 11 29,000
Spring 1972 to 55 63 7 15,650
1973 96 143 9 34,850

e e e e m i it v e i@ e i e e mmim m mmh f e o m e e e b e -

Source: Educational Quality Assessment in Pennsylvania (1973),
p. 8.
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Administration

To avoid what would amount to "a monumental--and expensive--
undertaking," local school districts must themselves administer the
assessnment. Data are gathered from pupils, teachers, and adminis-
trators., The=e data are sent to Harrlsburg, where, together with

additional dara on file, analysis of each school is carried out.
Use of the Data !

Each school receives a 3chool Report contaiuning the following

infornation:

(i) The school's standing in the state on each
of the Ten Goals of Quality Education.

(ii) The school's standing relative to schools
operating with a similar set of resources.
Tovr exanmple, tue appalachia school with
limited rosources is not expected to match
the achievenent of an affluaent suburban
school with a vasoly ditverent student body,
faculty and financial support.

(1ii) The school's standing on each of tive differ-
cntl resources {as sany as tortv-iour) which
syve cuployved do setting the "level of cxpecta-
tion'" cited in (i1i) that “sinilar™ schools
are wecting.

(iv) How mane bich and how rany low stadent scores
thore were which contrivnted Lo the average
srote-—school score-—cited In {i)., Student
veplies o selected itens,

Qr

Stindent replicn to selected groups ol itens
(subucales on each goald (pp. 10-11).
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[t should be noted that the unft of analvsis Is the school.
Data concevniny nd{vidua!l students ove noe veleased, and, o any
event, students provide anonsmoos voplivs o that fdentttication

of Ioadividual replies s impossibles The velative staniiay

.

[SEYY
cach of the ten poals s provided throash the use of multiple
rearession analvsis, In which cach sehool’s score Is prelicted on
the basis of (s standing on A nurber of vxp Lanarory variables,
Uach school, then, can cempare dts actnal stapnting sith the prodietive
(relative) standing.  The School Report also provides coatidence
intervals for the predicted scores,

The EQN division claims that the resulis of the assess-
went progran have induced a nusber of chanpes in the schools,

tncluding the following:

1. Faculty and students hunan relatiens mectings
canducted;

2. improved the "humanness!”

taculty;

of the sccondary

3. Changed cmpliasis in guldance, particularly ia
arcas of soli-estaen;

4. Rovision of social studies curriculung

5. Ilnereased cultural program with Fatd Title I
funds;

6. Coucentration on knowledge of differing
aecupations;

7. Pasic cuanges in veading and math program;

o

Health education propram changed; and

9, Teacher awareness of ten goals {(p. 153).

El{l\C 26
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Cone Tud

‘‘‘‘‘‘ s Lomnents

Fhe natore of the Penusylvania Plan and the dacr collected
provide a fertile ground for further input-outpuc analysisy
of sccondary schools,  For the purposes at hand, data tren the 1971
to 1972 survey for [ifty-three secondary schools have beea conbined
with additional data collected by Kulhas (19727, The aaalwvsis here,
morcover, will po beyond the School Report, providing atiicieonal

management information to affected schools,
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CHRAPTER 4
INPUT-OUTPUT ANALYSIS:

SINGLE~ AND SIMULTANEOUS-EQUATION SYSTEMS

Although the School Report {(prepared by the EQA staff in
the Pennsylvania Department of Education) is based on multiple
regression analysis, the main purpose of the analysis is to estimate
equitions which provide the best predictors of each of the ten geoals.,
To that end, 211 of the available iuputs are used as the basis for
the proedictive model, although each equation in the model contains
cnly a small subset of all inputs. The important distinction
between the EQA analyeis and the present analysces is the intended
use of the regression analvsis,  If the purpose is merely to predict
the peals, then it makes no difference which inputs are entered in
the equation. A step-wise propgran which selects the "best'" equation
without any a priorvi analysis is perfectly satisfactoryv. However, 1If
the regression coofficients are to be used for management decisions,

a pgreat deal of care nust be exercised in the selection of variables
for cach of the ecquations,

Morcover, the entire FQA analysis 1s cast in terns of a singloe-
cquaticen estimation procedure.  Since this approach fgnoves possible
interactions anong the outputs, the possibility exists that the estimates
arc nefther urbiased nor co:n;ist(w1t.1 This chapter therefore explores
both the choice of explanatory variables and the utilization of

sirltancous-cyaation svetens,

1 :
Actually, two faanes mast be settled: (1) fdeatd(ication and
(2) estieation, For thoroush discussions of these tssues consult, e,

G (1T R), ctoapney T and Jelmsren (1T, chasters 12 and 13,
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Althouph the cducational process cannot be cquatedd to an
ordinary production process i other enterprises, there are cevtain
soneral similavicies which pernlt broad peneralications about the
vducat ional production process.  As (s the case In any production
process, the essentlal ingredients--the inputs--nust somchow be
transtorned into outputs. Hence, we nust be able to {dentity the
foliowing: (1) the set of inputs which is invalved in the educational
process; {2) the outputs arising out of that process; and (3) tne
characceristics ot the process ftself, {.o., the nature or shape of
the production function,

The idearification of cach of these aspectr of the educational
production process vequires a great deal of Information and involves
problens which wust be surmounted before an acceptable production
function can be established. Beginning with the inputs, one must
first Jdistinguish anong several classes ot iaputs. For exanple,
one may divide inputs into "eavironmental" factors (such as socio-
denojraphic characteristics of the students and the community) and
schicoling factors (teachers' attributes, facilities, ete.). torcover,
one could provide further classifications of inputs, such as mani-
pulative vs. nonmanipulative variables., Apain, what is manipulative

depends on who s to use the results of the analysis., The wvariable

e 1

state subsidy per weighted pupil," for exwanmple, can hardly be
manipulated by a school; however, changes in the subsidy level could
easily be achieved at the state level and, to a lesser extent, at
the school district level in Pennsylvania, where the subsidy level
is, in part, a function of local expenditures per pupi1.2

Perhaps the most troublesome aspect of the input set is the

obvious practical requirement to make use of input proxies. For

zThe so-called percentage equalization plan, aperating in
Pennsylvania, disburses funds to districts in direct proportion to
their local expenditures per weighted pupil and in inverse proportion
to their wealth, measured by valuation of real property. See Cohn
(1974), pp. 52-53, and Johns (1972), pp. 277-289, ’

30



exanple, the countribution of teachers to the cducational production
procens nay e iwanutred by such progdes s the guanticy and gqualicy
of teacher cducation, teacher attltudes and clarsroon nractices,
teachior expertence, amnd 0 torth.,  Bot each ol these prosies provides
at best an approximate veasure for the actir]l fonputs; moreover, A
proxy riyzht represent two or wore, sometimes contlicting, input
fnctor:;.j [t is theretore cruclal that the lupat set be chosen
critfcally, aad that any interpretation of the resules take thils

fact into account,

On the vutput side, there are apain substantlol difficulties
that nust be resolved, First, educational output {s both abstract
and multidineasional din charvacter. [ts abstract nsture requizes
that aposroxinate indices be constructed to evaluate lonpitudinal
or cross-soctional output diflercences. Such indices nust be
reasonably accurate amd consistent. In addicion, it 15 highly
unlikely that any single dimension of educoation could describe
the entive complex of cducational cutput. The heavy rveliance on
achievenent scores in studies of educational production reflects
the experience cducationual psyctnlogists have had with achievement
scores, but the neglect of other outputs could greatly bias the
overall observesd perforaance of schools.,

Even 1€ ideal input and oulput reasures were available, one
would still neced to know something about the process by wiich inputs
are transtformod into outputs. Uantortunately, one is foced with a
total lack of an acceptable and coherent learning theory which could
be used to snecify an educational production function (Bowles, 1970).
Rather than attempt a formulation of such a theory (which would require

extensive study), it will be assured here--as most rescarchers have

3For an excellent discussion of this point consult Mood (1970).
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assumed so tav--that a Hinear relacfonship between {nputs amd outputs
’

' . . - - b
would provide « reasonably satisfacrory tunction,

In peneral, then, {f ene specttfoes noourpats, Ql' L

n
oschooling inpabs, X {2 Now ey Eovomudomoenvivonment foecuts, 7 1 NN
N Zw; thea the ypencratliced production tuuction tor the it outpid

4

fs given by:
(4. 1) Qj s qul, Koy v XP / Kl, 2oy ey Z”; u), (i-1, n)

That {s, viven the levels of the cavivonoental input set, one would
duetermine Qi aceurding to the levels of the X-vector and the randon
crrov, u, If the production function has a linear forn, equation (4.1)

boconey:

™

7 ~ . 3 . x . . T,

4.2) VLo Soho 70+ Antereept +oug =1, n
( : - n=l "hi"h ! i’ ( » 1)

witere the aji s and the bhi's are the coefficivnts which we scek to
estimate

fu the present centext, twelve equations of type (4.2) nay be
estinated (one for each of the twelve output measutes desaribed in
table 4-1), Two nmajor problens arise in providing such estinates:

(1) the large aumber of inputs and {2) sulticollinearity. An inspe ction

of table 4-2 i{ndicates that altogethoec we have data for tifty-five

inputs, With fifty-three observations, there would be insufticlent

degrees of freeden.  Also, many of the iaputs are correlated with

other inbuts o a greater or lesser extent, and, as is woll known,

such intercorrelation would obscure the true impact of each variable on the

culput measures. The full correlation matrix is eiven in the annendix,

2
N

Michelson arguces thar a linear-additive relation could not be
desceribed as a production function in the econouic sense of the term.
Rather, he argues, such a relation provides "cooificients vhich desceribe
in some averase way the effect of the independent variables on the
dependent variables” (lichelson, 1370, p. 133).  The distinction is
between a relation providing maryinal s opposed to averare offects.
To the extent that the preducting process s characterized either by
sivnificant interactions or other ponlinear chiaridcteristics, the lincar
function will obviously not provide the desired estimates ol the preduction
function cocffici{ents., Howcver, to the extent tiat nenlincarities are
cither insisnificant or otherwise unimportant, the linear sunction will
be satisfactory.
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Oueput

1

4

)

L

19

11

12

Source:

GONT

GOAL

GOAL

GOML

GOAL

GUAL

COAL

GOAL

GUAL

GOAL

GOAL

GOAL

Outprt Vartabies:

Acronyvn

11
II1-v
[1l-n

v

VI
VII-p
VII-o
VITI

IX

h-1

Standand Deviations

, , a
Descrintion

Scelt Concept
Understanling Others
Verbal Basic Skills
Mathematical Basic Skills
Interest in School
Citizenship

Health Habits
Creativity Petential
Creativity Output
Vocational Development

Appreciration of Human
Acconplishments

Preparation tor Chanye

Definltions, *eans,

Rutins (1972), p.

143.

a., . .
“or a more detailed description consult Beers (1970).

and

Mean

39,41
90,74
16.038
13.24
90.97
163.43
119,53
60,74
137.72
33.12

153.93

106.15

Standard
Deviation

1.38

1.45

1.35

4,88

2.23
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Acronya

SEX
INTERRAC
LOCATION

RACE
LIERRARY
COUNSEL
MORESH
MORESG
VALUES
ATTEND
Foce
(UCC
OCDLUSIRE
OCEXPECT
PCTMW
FAMSES
TACGE

1TvPos

TCOLLECH

TLOUALE

T5TABLE

IMENCC
Tvoec

REACTL

EFCIDEAN

TCAREER
TaATLIOF

DISCRLP

CLPRACT
TSALART
TEXVER
TEnUe

TsEX

TABLE 4-2

Input Variables: Definftions, Means,

and Standard Deviacsions

DOSCYip[IOﬂa

Student's sox
Fxposure to differeat races

Type of conmunity (urban, rural,
suburban)

Ethnic or racisl origin
Accessibility of library
Accessibility of counselors
Boy's rores

Girl's cores

Personai values

Student attendance

Father's occupiation
Mother's cccapation
Occupational desires
Occupational expectations
Percentape of nothers wording
Family socioeconomic status
Teacher's aje

Teacher's nusber of yenrs in present
position

Type of college from which teacher
graduated

Locale where teachers graduated from
high school

Lacale In which teachers spent most
of thefr lives

Educational level of teacher's rother
Occupational level of teacher's father

Perception of actual chiaracterist{es
Influencing professional recoyaition

Perveption of fical characteristics
fnfluencing professionsl recopnition

Teacher carcer aspiratfions
Teacher satisfaction

Liffereace hoetweenn real and ddeal
fnflusnees oo education processces

Teacher classrmen practices
Teacher's calary

Teacher's teaching cxperfance
Tearker's clucation

Teacher's nex

Gradaites contdntes their ebacation

State sobdovieehnhited o)

Standard

Mean Deviation
1.51 0.04
1.38 0.37
3.60 2.01
4.92 0.09
4.37 0.31
4.59 0.26
3.11 0.18
3.22 0.13
3.91 0.15
3.32 0.22
34,87 10.16
39.11 7.14
53.50 4.98
45.58 6.7)
0.35 0.10
48.60 12.65
3.69 0.57
4.78 0.50
2.39 0.13
4.31 0.10
4,40 0.19
3.74 0.38
4.12 0.61
3.67 0.74
1.70 4.26
7.24 0.69
19.85 1.09
4,74 0.52
38.09 1.38
8205.66 562.50
11.0% 2.68
4.79 0.29
1.37 0.07
53.4) 13,51
JAUN 63,01
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TAYLE 4-2 {(Continued)

Acronvn Hoqcrip{lnnd Mean
INSEXADY [nstrnctional expenses/pupil 423,40
EFEORT Actual tax/ravket values 23.79
FLREOLL School enrolleent 326,15
HaUs TN Types of residence in coamunity 3.40
Wl DINS Holufny power 91.45
STAVEP Instruct tounl personnel/pupil 0.065
BOOKSP Libracry books/pupltl 10.87
GHIDANCE Counselors/pupll 0.002
INUOVATE School usase of {nnovattons 33.55
ADA Average dally attendance 932,52
CcLG Curviculun aaits/grade 23.92
PRCO Freparavton coofiteiont

{(tracher specializatfon) 0.50
TLOD Teacher load 20.05
LStz Class glze 24,29
AEF Averape extracarrleular

vapendituce /pupil 66,47
BRAT : Euilding ratfo-carollment capacity 1.03
AMAY E Admindstrative van-hours/pupil 3,95
AOMAN suxiliary can-bours/pupil 8.02
FaRAT Student/acadenis faculty ratlo 30.40
?SUP Paraprofessional support 56.08

P L T

Vasas

Stanmlacd
Duviaticn

40,86
)4l
400,42
0.67
6.03
0.006
3.63
0.0005
5.83
346.19
7.45

0.09
1.85
5.61

21.67
0.23
1.93
2.65
6.43

70.41

or a rore detatled description consult Kuhns {1972} and Russell (1971).



Several approaches sy be Tollowed to overcone these problens,

O would be o select variabhles tor each equation

SR o the baslys of

thelr conteibution to explaining the output varlance.,  Ia this method,
one wou ld cont{one add (e explanatory var{ables to the cquation

unt il che addition o Z{: (the coctticient of deterninatinng) (s less
than a prespecilicd amovat,  (This anount nisht be set avhitrartly,
ov, dalternatively, one could tervidnate the addition of variables

when the difference between the 1{3 derived when the avw vartable s
added and that derived before the variable was added {s not statis-
tically signiflcant.)

Another alterniative would be to enploy principal components
or factor analysis to derive a set of new variables froa the original
input set. The new sct of variables would contain fewer factors
represeating nost of the varviatien fn the oriypinal data cot, hence
increasing the number of degrees of frecdon and the reliabilitvy of
the coefficicnt estimates.  Uowever, the new lactors so produced
are usually difficult to interpret, so that the use of factor or
nrincipal components analysis is obviously limited,

A thivd possibility would be to combine a priorvi specitication
with factor analyuis,  For exanple, if one wishes to exanine the
effect of various vanipulative variables on cducational output, it
would be necessary to express these factors in their original units.
Huwever, there is ne need to specify in the equation all (or socne
subset) of the vectors of cavirearental and noumanipulative schicol
inputs. [Instcad, principal componunts of the latter two proups may
be computed and enteved in the equntion aloay with those maniputative

In the tovegoing discussion it has heen assumed that it is
appropriate to estimate separate input-output relationships for each
ol the outputs. lHowever, it is veasonable to assume that the elucational

process Is characterized by strong intevdependencies anmong the

Such a suprestion is made by Kendall (1957), pp. 70-74, cited
In Johnston (1972}, p. 329.
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outputs, To the extent that the degree of simultaneity in the equation
systen is statistically significant, biased and inconsistent coefficients
will be produced when ordinary least squares analysis is cmployed.
Consequently, a simultancous-equation systen should be spocificd.o

For the purpose of deseribing the simultancous-cquation system,
we distinguish between endogenous and cxogenous variables. Endogenous
variables are to be determined by the model. In our case, the twelve
outputs of the cducational systenm comprise the set of endogenous
variables, wherers the inputs comprise the set of c¢xogenous variables.

Since estinmntion of the regression coefficients in the system
requires that the svsten be identified, it 1s necessary to exclude
in cach cdnation a number of exogenous variables cqual to or exceeding
the number of erdogenous variables which are iacluded in the cquation
less one (Johaston, 1972, p. 359).7 One nust, therefore, select different
sets of endogenous and exogpenous variables for cach of the equations
in the set,

In pencral, the sirawliancous—cquation system will have the

folloving foru:

(4.3 .

: ] 0 X N vy, N2 A ceey Loy u)
n notpro LFTTES IS A L T I Vg

.

6. . .
Studios coploving a sinaltancous-vguat ton syvaten dnclude
Fax (19710, Tewdn (1979), aod Yicoelason (1970),

i, , .
Ale, 30 tivc oureats foandopennun variables) arve Ineluded
fu tie tir betden. tie oumbtors e et 0o erogseitens variables that omay he

incluled i

Coratren ds o rea=by o whero koD thie punbor o oxepenous variables
In the entdre et ron set.
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where the Q's are the outpuls, the X'a ave the school-velated fnputs,

the 2's are the environsental factors, the u's oace vandon errorvs,
and the t's are the funatlonal operators describing the wanaer by
which the sets of explanatory varfables «wQhin the parentheses
conthine to explain varfations in edaclht ot the outputs,

Since sorme of the endovenous and ezosenous var{ables will be
onftted trom cach cquation, the eapirical counterpart of cquation
systen (4, 3) would be far morve trancaved. Moreover, for the purposes

of this study, only linecar-additive functional forms will be cuployed.
The Data

The data vmployed in this study were collected in part by the
Penusylvania Deparctment of Education, Division of Hlducational Quality
Assesament (DEQA)Y, and in part by Roduey J. Xuhns (1972) in cooperation
with DEQA.  Defivitioons of the variables, alonp with their neans and
srandard deviations, are reporvted in table 4-1 for the outputs and in
table 4-2 for the inputs., More detailed discussions of the output and
input data are provided in Kulns (1972) and in Beers (1970) and
Russell (1971).

Data Analvsis

Analysis of the data takes the form of multiple regression
analysis, iancluding both single and sinultanecus-cquation estimation.

As noted earlier, a mrjor problen in the analysis is the choice
of variatiles to be included in each equation, Much cffort has already
been ecxoerted in this reyard, and it would be presunptive to clain any
superior expertilse reparding the proper specification of the model,
Consequently, what {s presented here does not constitute a cowplete
overhaul of previous work in the area, but rather a shift in emphasis
and marginal changes in the chivice of independent variables,

Since the objective of the study {s to formulate a model which
is uscful for manayenent decisions, the focus is on variables that
schools can manipulace., Exanmples of such variables are TNNOVATE,

CUG, PRGCO, and TLOD. At the s ue time, 1t 1s recognized that the
Q
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cquations must fnclude varilables that describe environmental influences
as well as schooling factors which are not easily manipulated,

The following approach was utilized to specify the sets of
explanatory variables for each equation. Kuhns's model, which was
basvd on the same data and also placed an emphasis on manipulative
inputs, serves as the initial basis for the specification. llowever,
instend of choosing in cach equation a subset of the envivonmental
variables (based upon tiw step-wise regression propgram), all of the
environmental variables wvere subjected to factor analysis, and four
factors, taren together, "explain" more than 70 percent of the
variance in that set.  The aecvonym for the ith facter is given by
SLFAC 2.

Use of such factors restricts the interpretationef the results
regarding student characteristics and other environmental variables.
hnile it mipht be dnteresting to find out about output diffcrences
avoag, the races and sexes, it is assumed here that the scheols cannotl
do «nything about sex or racial couposition, Sinilarly, it night be
interesting to find the extent of ocutput variations due to locational
diffcrences, but, apain, the school nanagevs are powerless to affect
such variables,

the vogression reeults are reported in tables 4-3 through 4-14.
The Tirst colua in each table provides regression results reported
by the Division of BEducational Quality Assessment (DEQA) of the
Pennsylvania Departnent of Education,  The results are based on a
study of sceventy-three secondury schools in the fall of 1969,  The
variables clhiosen in cach cquation were selected on the basis of a

step=-wise recsression prosran {(UPREC).  Tue sccoend column in cach of
]

those tables reports the revression results obtalned by Euhas (1972),
In that study, Hahmes exanined data pertaining to fifty-three secondary
scbaals o the fall of 10710 In addition to the data generated by the

DIy, Rabns pathered intorsation about addicfonal sanipulative
bl

varfahles, dnclediog CUs, RO, TLOD, {OST5, ALE, BRAT, AXMAN, FSRAT,

ant PRVt Yoeertication of the rodel was also deteratued by the
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SaR e oM EIR D 2w T nii.i.n

Explanatory
Variable

Goal Iil-v
Goal IIl-n
Goal 1V
Goal VI
Goal VILl-p
Goal VIII
Coal IX

Exogenous

LOCATION
RACE
COUNSEL
VALUES
FAMSES
TSTARL
THEDUC
FYACIL
TSATARY
THOUC
PUsTORAD
EFFuRT
EXNrOLL
IR SN
GUIDANTE

AN

TABLE 4-3

Production Functiony for Coal 1: Self Concept

P oxs b i ok fem b4 2 i L EXTFIOELT L4 EF ST FE L TRee B L2 SR Ln 3L AR ASLE DA

Single-Eguat fon Systen

Alternative Models

DRRA Kutins (L (2}
0.064
(0.26)
0.026
(0.13)
0.077
(1.22)
-0.059
(0.74
-0.087
(0.43)
0.559%
{4.37)
0.014
(0.17)

0.273
(2.63)

-1.342
(3.52)

0.&08
{2.09)

2.479 3.8916
(3.1} {(31.57)

-0.0271
(1.535)

1.574
(2.497)

0.4
(1.4%)
~0.577
(4.1
~Q. G0
(3‘ ﬂ"))

1.933 0.5191 0.723 0.603
(3.59) (0,56) {1.18) (1.16)
~0.027 0.0321

2.3 (2.0h)

0.095 -0.0333 ~{.054 ~0.027
(2.h5) (0.59) (1.11} (7. 59)

.00
{1.42)

0.a0]

{(1.63)
SO 13 X050 L3INL632 <1670, 6.06 y

(1.7%4) (2.0 (i1.33%) (. %)

~0.000
(1.0])

i S RA AEITL X BT AT BT KB SR

Simultanvous System

0.310
{1.0mM

0.0%9
(0.34)

0.013
(0.20)

~0,0%4
(0.56)

-0.055
(0.22)

0.643
(2.40)

0.085
{0.8%)

0.508%
{1.07)

~0.014
(0.32)

57.3%9
0.19)
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P T T SRR AP e

rxplanitory
Var{udle

T1.OD

C51Z

AEE

AMAN

AXMAN

FS2AT

SEFAC 1

SEFAC 2

SEFAC 3

SEFAC &

Intercept

&

e}

e e e b e

Source st

tabte 5, p. 71,
2

Notes:

63.39
(12.82)

0.61L

9.03

0.475
73

Far DRV, computer print-ont furnished
Quality Assossnment, Peansylvaania Department of HEducation.

CFPI TS R

TAREE 4-3

B N AT

R )

(Continued)

Single-tquatfon Systen

Kuhps

-0, 130%
(2.00)

0.1141
(L.91)
-0.0095
(1.1,

n,1013
(1.94)
-G.2416

(1.42)

~-0.0967
(1.72)

76.52

0.51

5.20

0.967
53

Alternative Models

(n ()
-0.223 -0.030
(2.54) (0.93)
-10,033 -0.008
(1.0 (0,23}
-0,001 ~0,00?
0.1 (0.9

0.116 0.102
(1.17) (1.09)
-0.23% ~0.150
(2.9%) (2.45)

0.231 39.209
(1.37) (0.92)
-0.602 -0, 366
(4.04) (2.42}
-0.097 -0.09%
{0.58) {D.66)

0.065 -0,111
(0.39) (D,71)
92,40 91.10

{23.40) (17.35)

0.47 0.65

4.87 65.21

1,006 0.312
53 53

SEE = stardard error of esrimate,
wunbers In parentheses arce t-ratios,

R R T e TP,

(A el EM A M B AL ML s NS am 3L RIR AR

Sfoultanneuy Systen

-0.0456
(0.56)

-0.003
(0.3

-0.011
(1.48)

0.042
(0.45)

-0.12¢
(2.10)

-0.039
(0.15)

-0.178
(2.595)

-0.146
(1.04)

-0.133
{0.83)

25.46
{1.36}

0,66

6.21

0.812
53

by the Divislon of Educational
For ¥Xuhas, Muhas (1972},

Ro = cocflictent of deternination adjusted for degrees of freedon.



O

ERIC

Aruitoxt provided by Eic:

Sinple-Equation System Simultaneous System
Exnlunatory
Variable DYQA Kuhns Alternative Models
1) (2)
Enlopencus
Goal ITll-v 0.261 0.052
{0.93) (G.17)
Goal IT1l-o ~0.039 0.020
(0.106) (0.07)
Fxepepons
VALUES 4,647 ~1.9u37
(4.99) {1.5%)
LOCATION 0.454%
(4.60)
M -0.0%
(1.54)
STAFFP 39.277
2.32)
MORESH 1777
(3.12)
PCIMY 5.326
(3.29)
TCOLLEGE -2.418 ~1.3025 -1.274 -1.33] -1,324
(3.22) (1.02} (0.87) (0.89) (1.0%)
1occ 0.525
3.1,
TCARELUR -0.279
(2.13)
nrnre 0.772
(7.44)
DI it 003600 003211 -1, 337 -0.317 -0.324
(1.9%) (0.uv)) (0.931) (6. 64} (1.09)
FAILSES £, 0632
(5.3%)
TEALARY 0.6737% 0,600 0.C0N2 0.00n2
(1.3%) (G.5) (.40 (0.55)
IR R 0,003 [((NEO N -7 SQLu0E -(..G72
(r.1%) (1.9 (1.37) (}.2%} (1.59)
Al 0,02 0.0015 0.G713 . 0Nt
(7,15 (2.4} (1.9 (2.55)
T 0.ins (SRR 0.in 0.157
(1.1 (1.3 (1.60) (1.5%)
TLATYR G.116
[
(R ES IR RS S0,00] ~0, 67 =0.050
(1.6 SURED! (3.6 1.,31)
At .03 0L03] [EPRE 0,010
(1.47) [CEP R (. 5y (1.6n)
KRA1 0,500 -1, 2 NLARA -1.1t)
(1.094) (1.5 (1, v (1.74)

TABLE 4-4

Production Functions for Goal 11:

Understanding Others
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Y Ty U

Explanmitory
Varlable

FSRAT

PSUP

SEFEAC 1

SEFAC 2

SEFAC 3

SFFAC 4

[ntercept

Sonyeas:

Nates:

TP L EAcATAZ B W e

DEQA

63.17
(14.90)

0.66

11.56

111
73

For DEQA, see tuble 4-3.

TABLE 4-~4

L R R I Rt

Single~Equation Systen

{(lont {nued)
kAt e et e L e

Alternative MHodels

Kuhns (1)
3.0650
(1.13%)
~0.0025 -0.0009
(1.12) (0.36)
0.358
4. 00)
0.230
(1.3
3,058
(0.23)
.0%8
(0,31}
95.29 93.10
(17.33)
0.52 0.41
5.26 3.59
1.01 1.11
33 53

{2)

-0.000)
(0.11)

0.653
(2.37)

0.254
(1.4%)

2.030
(0.1%)

0.032
(0.16)

83.87
(13.53)

0.40
3.18
1.12
53

ReA L E B e LS G M ix D K3

Simsltancous System

-0, 0006
(0.29)

0.806
(3.02)

0.237
(1.61)

0.042
(6.23)

0,047
(0.29)

91.76
(14.0%)

Q.40
3.18
1.12
53

For Xuhas, Kuhns {1972}, table 7, p. 73.

2 -
8% = coefficicat of leternination adjusted for degreces of frecdonm,
SEh o= staasdard orror obf estirate.

Nusbors in parentheses are t-ratios,



TABLE 4-5

Production Functions for Coal I[II-v: Verbal Skills

Single-Equation Syvsten Si{multaneous System
e e e e e e e o e o e
Explanatory Alternative Models
Variable DEQA Xuhus (n (2)
Erdogenous
Goal 1 0.006 0.119
(0.65) (0.85)
Goal 11 0.033 0.032
(1.02} (0.34)
Goal ITl-m 0,548 0.427
(5.95) (3.68)
Coal VI -0.C36 0.024
(0.10) (0.41)
Coal VIII 0,069 ~-0.043
(0.33) (0.20)
Fxopenons
TEXTER 0,087 0.0494 -0.007 -0.006 -0.008
{3.03) {1.02} 0.1 {0.15) {0.23)
STAFFP 29.635 Tl 1747 31,251 14,799 | 15.146
(2.81) (1.12) (1.26) (0.81) (0.94)
ADA 3. 0014 0.0010 O.6805 D. 0006
(2.13) (1.81) (1.21} (1.67)
cuG -0.3750 -0.029 -0.035 ~-N, 003
(1.93) (1.24%) {0.30) 1 (0.53)
TEOD -0.1603 -0, 227 -0.140 1 -0.131
(2.22 (2.70) (2.00) (1.94)
AYE N.0100 0.017 0.0072 0.012
(.53 (?.13) {1.61} {2.20)
AMAN 0,103 0.1733 0.144 i 0. 144
(2.00) 2001 (2.34) \ (2.7¢)
i
AXMAN =0.Ga67 -0.002 ERRNN LIS -0.0%7%
(1.4} {1.45} (1.1Mm (1.13)
LosCATIOS 0,00 ~0.1%99
{2.9%) (.11
VALTLS ‘ 1.439 Y.Las
! (2.3 (1.9
T 0,127 N, 07605
(.7 1) (e 5
IR PICT 01640 0, 0553
! (3.4 (2.
{
s ; (.00 SIULT!
t (1.7} (3.0
i
(LT R 3 : G105
| NS

ERIC

Aruitoxt provided by Eic:
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AP ST FCRRRCERS N R

Explunitury

Variable DEQA

POSTGRAD 0.029

(3.16)

HOUSIXG 0.497

{2.70)

SEFAC 1

-0,095
(eony)

Iaterseopt

N i 73

Saurvest For DR,

aQe

aefficie
ntard

O

ERIC

Aruitoxt provided by Eic:

R S R

TALTE

Kulins

0.009

0.72
11.04
0.719

53

table 4-

nr oaf let

orrar ol

"0“5

TiTzarIszaomwn

Sfasle-tiatlon Syaten

(Continuvd)

Alternatbve Models

4] (2)

0.795 0,347
1) (2.28)

-0.122
.

0,247 1,02
(1.50}) {N.26)

0.233
(L.80)

0.075
{0.67)

17,726
(6.97)

~h.40)
(N.42)
0.53 0.50
7.10 12.38
0,367 0.610

53

Fer Yuhns, dvhins

(1372},

Warbers in pareatheses are t-ratios.

TrrmATEL L EII,

ST LEEEAZE NTERTED L TaR

!

tTriza

Stoultancans Systen

0.422
(3.02)

-0.031
(1.29)

0,966
(0.67)

i n.078
i {0.75)
\

~1.935
{(n.2h)

0.8

0.619

53

table 2, p. 76,

crovination aljnsted for aedrees of freedem,
cnpinate.



TABLLE 4-6

Product fvn Functions for Goal Ilt-m:  Math Skills

FEERIIEL ST BT SE Ca BTy DA ELT AL LKA ELES LT ENIE TT TR AT ATCE R AL LB RS e BT LA ETELE Sl a R A E RS ETLT AR e e XD I
Single Equation Systen Sfcultancous Systen
Explanatovy ! . Alterpacive Modols
Varlable | DEQA FKuhns (1) (2)
Fodogenous
Goal 1 -0.043 0.142
{0.26) (0.72)
Goal 11 -0.020 0,049
(0.18) (0.32)
Goal 11I-V 0.610 0.556
, (5.47) (2.72)
Coal VI 0.039 -0.053
{C. 5%) {0.60)
Goal VIl 0.136 -0.025
(047 (0.08)
Exagenous
CUG -0.0387 -G.038 -0.014 -0.030
(L.72) (1.45) (0.6%) (1.47)
PRCO ~1.8326 -1.435 -G, 87 ~0.115
(1.23) (0.81) (0.23) (0.07)
T1.0D -0.1917 -0.155 G.045 -0.046
(2.3%) (1.72) (0.56) (0.55)
ALE 0,0238 2.011 ~0.002 I 0.004
(3.10) (1.1%) (0.24) (0.60)
AN AN ~0.0703 0,041 ~0,00% ! -0.0605
(1.22) (6.62) (g.18) % (0.10)
psup ~0.0044 0,075 -0.002 l -0.00%
(2.27) (2.94) (1.10) (1.9%)
LOUATTON -0 228 ~6.2701
(2.39) (2.44)
FOlo 0.007 -0 0571
(5.9%) (11.95)
PETMW ; 2.129 -4,5529
(.56 (.81
| SRSIP 0.3163]
(2.05)
PutTORAD N, 042 0,032
(-.59) (2.33)
RO RN
(9.29)
MOREGE i fi, 134
(2.09)
ToATISE G
2.0
STYAL ] (.00 -fe 0.174
i 10 0. (Q.72)
SEEAC 2 ! {r. (i7ix Gl noasn
j (11.05) (Gi.%1) (0.32)
LA A3 L [EPIR 0.0 0,219
: (.r2) (N (i.69)
SEPAC & | TR IR ! 0.1
| (o (0.1 { (0.7%)
................ S

ERIC

Aruitoxt provided by Eic:
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RIC

[T N e R

Explanytory
Varfasle

Intercept

Sources:

Notess

FABLE A-6 (Contismed)

L LML K S A M A S S A ) Rl e AN s e d R RS LA LAl 88t B

Slagle=fquitfoa Systen

Alternative Models

n ()

DEQA Kuhay

-9.
(). 2n)

0.6%

7.25

0.73
53

-N, 390 19.00 2 (o8]
{

(0.19) {
0.76 0.51 0.16
33.24 5.35 3.
0.3819 3.9213 1.
73 33

For DA, sce table 4-3. For Buhns, Kuhos (1972),
)
L
S+ standard error of ustimata,

Wambers In parentheses are t-ratios,

P B4 LAt w hE R s A M i A

Sircaltanevus Systen

e

table 11, o, 78.

= coeffictensnf deternination adjusted fur degrees of freedon,



TABLL 4-7

Production Functions for Goal IV: Interest in School

Stogle-tquation Systenm Simultanceous System
Explanatory Alternative Models
Variable DENA Ruling (1) )
Endogenous
Goal 1 Q.186 0.134
{0.58) (0.33)
Goal ¥ 0.245 0.174
(2.17) (1.18)
Goal VI -Q.203 0.121
(1.17) (C.56)
Goal 1% 0.325 0.308
(2.34) (1.74)
Exogenons
GUIDANCE 1372,0%92
{(3.17)
L1gRARY 1.1399 2.6438 2,802 1.565 Y. 489
(2. &7} (2.5%) {2.50) {1.56) ! (1.68)
TPPOS -1.865 0. 633% G.608 1.002 -3.892
(2.48) (0.65) (0,62} (1.16) (2.35)
TSATISH 0.460 (. 3819 G.358 -0.392 0,396
(2.00) {1.24 {1.05) {1.07) (1.59)
MORESE 2.876 5.8654
(2.00) (2,86}
HOLDING 0.107
{1.866)
FOSTCRAD -0.05%6
(1.5
MOCC 0.0795 -0.17%:
(1.75) {1.76}
e 7.267 -7.3301
(1.70) {(1.t6)
ATTEND 2052
(1.00) '
1AGH O E%9
(1.5%%)
{
VALLES 3,109 8,121
(1.1 (3.0
NGRS <3, 634
(1.0
THTARL | 1.633 =3.955 ~3.a0n =3.547 i ~3.84z
(3.0 (1.7.) (1.49) (1.0 I (2.3%)
TSATALY [E IR ] L0 PRI AR E LD B 0,046
t (1.6:7) (1.6 (0.1 i (0.73)
ALt ' EEEI P .03 L SRR } <0011
‘ {1.1v) (1.1 (0.2t 1 (0, in)
PNAT i A I P (0, 40k / -2, 0
| (1.0 (1.33) (L.if) l £1.49)
P, b e e e e e e e e e e e e e ———————

ERIC

Aruitoxt provided by Eic:
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T e S

Lxplanatory
vartable

AXMAN

FSRAT

SEFAC L

SEFAC 2

SEFAC )

SEFAC 4

tatercept

PR o N NPT

DEOA

.12
(1.66)

0.415

4.0k

2.81
73

:xi For DEOA,

»

see

ALY 4-7

P

Stnple-tquation Systen

S ues eEw L mmen S i

(Cont laued)

o aae s e

Alteraative Models

Kuhns

(L

-0, 14957
{(1.41)

-0.1314
(2.14)

-0.171
(1.13)

~0.129
(1.78)

~D.54%
(1.7
~1.521
(“.15)
0,341
(3.59)

0,753
(.19

65,45 35.%

(6.18)
0.561 0.36
4.69 31.91
2.18 1.04

53 53

table 4-3.

Sumbers in parenthescs are t-ratfos.

(2)

~D.1CH
(0.32)
~3,148
(2,313}
-0.032
(. L6)
~0.595
(1.47)
0.148
(l).“.S)

0. 305
(0.87)

10.23
(0.33)

0.61

5.88

1.57
5]

I T N e S S L

Siosltanceus Systen

*-_.- e e e

-0.036
(0.79)

0.000%
{0.007)

-0,406
(0.73)

-1, 331
(0.93)

0.123
(0.42)

6.037
(0.11)

-12.45
(0.37)

0.61

5.88

1.87
53

for Kubns, Xuhas (1972), table 13, p. 81,

3 = coelficieat of deternination adjusted for degrees of frecdon,
LE o= standard error of estirate,



TABLE 4-8

Froductlon Furctlons tor Coud Vi Citizenship

A R m s e s e sk e st e A R AA R T ks A hisaTE e a A KT A e Eam s et e F A aet Rt ek m st gt a man
Sinpgle-fquation Svatenm Sloultaneous Systen
Explanatory Alternative Models

Varfable DEQA Kuhns (1) (2)

Indogenous
Coal IV 0.700 0.597
(3.6%) (3.0%)
Canl V1 0.145 ~0.032
(0.606) (0.13)
Goal V11 -0.277 -0.269
(2.21) (2.03)
Coal VI 1.401 1.422
(2.15%) (1.92)
Cou) IX 0.272 0.332
(1.51) (1.75)
Frogenaus
AU 9,205 16,6300

(31.46) (4. 96,
TAGE 1.755
(3.60)
OCINPECT -0, 086
(3.5%9)
LILyARY 4,745 .69 2,621 2,438 22
(3.3 (L.u1) (1.3 (1.78) (2.16)
RAaLy ?2.811 10.2521
(2.28) (1.71)
A1iLED 4.730
(2.50)
OUor s 1RE n.516
(2.42)
winee 2,408
(2.41)
TOALARY SO SRV
(1.497) 1.0
Sy P 103,307
(1.9

sy, ; 5.0 PRSI
! (i.5%) U
SR -5.000 R ~h.5h] -0.71% -0.592

i {3.41) 1.4 RS (5.0 (0.2
CUIDALE ; [SLEF IR S B S O LR U AU PR -hy% 117
: (1. 30 (1,44} Vit o} {0,900 (0.51)
[P . [P
| (), 0>

e AT ; St ALt B ER I -2. 041
(107 (i) Vit (1.06) (1.17)

{(1.0-) L.t (I.u?) (.21
(s I (UNS NPt LR =i =Nk
(3.0 (i.. {i.04) (1.3

AR j [EPRSI oy Tty 0.0601

ERIC

Aruitoxt provided by Eic:
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“4 nsers mE s W

Explanatoty
varfable

TLOD

CSiz

BRAT

AMAN

AXMAN

FSRAT

SEFAC 3

SEFAC 4

Intercept

wom

-
=

Sanrces:

nate:

AL ENA A D LRI RARMAN A EK A4 LA RS VLRSS S Lk

TABLE

4-8  (Continued)

O R Y S O

Single Fgquation Systen

DEQA

-0
(0

0
(0
-3
(1

0
(2
-0
(1
..()
(1

Xumboers ia parentheses are t-ratios.

Kukns

L2732
.20)
L1587
Ath!
. 5068
.55)
L722)
.21)
L2824
14
L3242
.84}

¥or DL, sce table 4-3.

Alternative Models

-

2 LB WD N AME A ITsre warswse n A

Sfmultaneous Systen

0V)] ()
~0.486 0.070
(1.5%) (1.23)
-0.174 -0.027
(1.50) (0.32)
0.586 0.595
(1.7 (2.57)
-0.236 0.014
(0.91) (0.03)
-1.914 -2.191
(2.66) (4.11)
-1.918 -0,20%
(3.57) (0.47)
0.783 0.334
(1.43) (0.87)
1.390 ~0.123
(2.63) (0.23)
192.18 -35.94
(7.30) (0.56)
0.46 0.78
.72 10.73
2.33 2.29
53 53

o.on2
(0.05)

~0.052
(0.75)

0.564
(2.99)

-0.008
(0.05%5)

-2.185
(4.33)

-0.403
(1.05)

0.452
(1.43)

0.110
(0.25)

-17.66
(0.27)

0.78

10.73

2.29
53

For Kuhns, Fahns (1272), table 15, p. 83.

Rﬁ = coefficient of determination adjusted for depgrees of freedon.
S5PE = standard error of estinate,



LT TCR R SR

Explanatory
Variable

Endvgenons

Goal 1
Goal 11l-v
Goal 111-n
Goal 1V
Goal ¥V
Coal VII-o
Goal VIII

Goal IX

MORESB
TEBIC
LOCATION
MG
NORESG
SEX
ATTERD
LIGRARY
VALUES
bRROLL

TLOCALE

O

ERIC

Aruitoxt provided by Eic:

TABLE 4-9

Production Functions for Coal VI: Health Habits

T T g - =

H
| Sinultaneous Systen

Single-Equiatfon System
Alternative Models
DLA Kuhns (1) (2)
-0.133
{0.38)
0.139
(0.33)
0.191
(0.53)
~0.038
(0.25)
0.086
{0.73)
-0.099
(0.97)
0.637
(1.19)
0.098
(0.73)
1.545
(2,41)
B.4594 2.6473
(5.10) (1.1
3,309
(4.14)
-0.845
(4.10)
1,509
(3.13)
-5.246 4.0577
2.5 (1.15)
7.3%% 21,4221
(2.07} (3.31)
1,669
{1.u%)
-1.3311
(L.&D
1,675 LV Y
.41} {i.867)
) PR
(1.5}
2,071
(2.0
t. 110 G, 0470
{ (4.21) (U

0.287
(0.59)

0.195
(0.35)

-0.359
(0.81)

0.105
{0.65)

0.081
(0.46)

-0,031
(0.60)

0.385
(0.61)
-C.0064
(0.133)




TABLE 4-9 (Continued)

sSingle-Equation Systen Sluultancous Systen
Explanatory Alternative Madels
Varlable DEQA Kuhns (1) (2)
ISALARY -0.0910 -0.021¢ -0.0009 -0.000%
(1.91) {1.82) (1.72) {1.68)
cLe -0.10%3 -9.0%9 -0.041 -0.075
2.50) (2.21) (C.84) {1.9%)
TLOD -0.5568 ~0.,455 ~0.273 ~-0.330
(3.51) (2.95) (1.62) (1.96)
AEE 0.0214  0.017 0.016 0.021
(1.50) (1.03) (0.9 (1.33)
BRAT 2.2765 2.175 1.633 1.324
(2.01) (1.88) (1.22) (1.32)
AXHMAN -0.165%6 -0.160 ~0.162 -D.123
(1.46) (1.44) (1.31) (1.07)
FSRAT -0, 1442 -0.151 -0.0%0 -0.093
(3.0%) (3.17) (1.76) (1.84)
psuUP -0.0153 -0,011 0.003 ~-0.011
(2.64) (3.00) (2.00) (2.30)
SEFAC 1 0.704 0.505 0.803
{1.96) (0.9%) (1.08)
SEFAC 2 -0.933 -0.662 -0.446
{3.74) (1.76) (L.16)
SEFAC 3 0.418 0.153 0.301
{1.46) (0.51) (0.98)
SEFAC 4 1.104 0.635 0.817
(4.22) (2.28) {2.54)
S S — —
[ntercept 44,849 72.38 142.22 76.76 80.70
(4.00) (22.40) {2.00) {1.94)
w? 0.70 0.62 0.50 0.64 0.64
F 11.84 7.44 4.67 5.60 5.60
SEE 1.86 1.70 J.46 1.65 1.65
u 73 53 53 53 53

Sonreera:  For DFQA, coe takla 4.1, For Yuhns, Mehns (1972), table 17, p. 86.

R = coefficient of detersination adjusted for degrees of freedon.
SEE = standard vrror of estimate

Nunbers in parentheses are t-ratfos.
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Frodnction Functions for Goal VIL-p: Creattvity Potential

ERIC

Aruitoxt provided by Eic:

- Slugle-Faaation Svsten Simultancous Sysgem
S S P SR .
|
Explanatory | Alternative Models ;
Variable . DEQA Knhns (1) (2) |
Erdogenons
i
Coal 1 | 0.030 0.159
: (0.21) (0.89)
! {
Goal VI[-© 0.099 [ -0.003
l (2.91) (0.07)
Goal VILI ; 0.112 -0.031
|l (0.50) (0.12)
}
Goal IX . 0.172 0.190
(3.75) (3.09)
Goal X {.080 0.062
(1.50) (0.94)
Fxogenons
OCDESTRE : 0.115 0.11%4
(3.67) (4.16)
INSEXADM 0.006
: (2.76)
ENROLT, | ~0.0005
} (2.70)
FAMSES 0.033
(2.61)
ATTEND -1,265
‘| (2.29)
T SALARY [ 0.000% 0.0005 0.0002 0.0002
{ 1.47) (1.5%) (0.85) {0.95)
FRCO 4. 3439 3. 444 3,383 3.680
: (3.14) (2.12) (2.26) (2.28)
FSRAT 0.0473 0,035 0,042 0.056
: (2.39) (1.44) (2.11) (2.76)
SEFAC 1 0.44% 0.346 0.379
(2.85) (2.66) (2.75)
SEFAC 2 -0174 0.131 0.265
| (1.19} (0.94) (1.7%)
|
SEFAC 3 ~0.153 ~0.031 -0.117
(1.11) (0.74) {1.07)
SEFAC 4 -0.016 -0.19% -0.250
(G.12) (1.06) (2.09)
e e e R S
Intercept : 5%.37 AN ] 5%.19 -4, 44 ~4.44%
(22.6%) (18.11) -0.11) (-0.33)
Ri 0.517 0.4% ©.30 0.63 0.6
3 ! 20. 64 9,54 4019 8,0¢ K.23
I
SFF | 1,107 G.833 C.531 [ONA 0.655
N 73 53 53 53 53
Senrees Yor DLod, ere table 4-30 For Yuhng, Kobos {Ldig), table 19, poRN.
Ve l',? < ccellfrdont f deters it fon attaated fer Jdeories of frecdra.
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Aruitoxt provided by Eic:

Explaaatory

Variable

bi

ifogenous

Goal Vv

Goal VI

Goal VIL-p

Egogenous

TSTABL

RACE

OCEIPECT

EFFORT

SEX

LIBRARY

LOCATLON

PCTMW

TAGE

SUBSIDY

TSALARY

TEDUC

!

{OUSING

TLOD

cstz

BRAT

ANMAN

Productlon Punctions tor Goal VIt -g:

A S

DEGA

-4.2%4
(5.22)
~2.813
{4.80)

0,194
(4.10)
-0.186
(3.06)

-10.373
(3.16)

1.375
(2.5

-0.4%26
(1.34)
-5.941
(2.29)

4.358
(1.71)

0.007
(1.42)

-2.601
(2.04)

-1.243
(1.53)

~0.337
(0.73)

Kuhas (@D ()

~-0.278

(2.1%)

-0.095

(0.40)

1.330

(3.23)

~4.9351 -2.408 -2.718

(1.76) (0.85) {1.08)

0.2142
(2.66})

10.3527
(2.06)
-9,2067
{2.43)

0.0021 0.0018 0.0016
{2.1%) (1.71) (1.64)
-2.9251 ~2.88 ~1.969
(1.46) (1.1353) (1.03)

0.9064%

(1.09)

0.296G5 0.152 0.006
(1.13) (0.57) {0.92)

0,1852 N.121 0.019
(2.22) (1.32) {0.22)
-4.2561 -4.509 -5.650
(2.22) (2.21) (2.83)
~0,1627 -0,251 ~0.250
(0.90) (1.31) (1.68)

TABILE 4-11

B N T T TS TR S

Stnele=tguation Systea

AMieraitive Models

Creatdvity Cueput

T Y N S Syt

Sinaltancous Systen

B mm e m mmmme e e - ————

bt e ettt mr——————

-0.27)
(1.72)

0.162
(0.57)

0.811
(1.53)

-2.741
(1.25)

0.0019
(2.21)
-2.427
(1.49)

0.103
(0.45)

0,063
(0.78)
-5.95%9
(3.23)
-0.265
(1.15)




TABLE 4-11 {(Continucd)

Single-Equation Systen Sirmultaneous Systen
Explanatory Alternative Models
Yariabkle DEQA Kuhns () (2)
FSUP 0.0103 0.005 0.005 0.007
(1.65) {0.70) (G.76) (1.17}
SEFAC 1 0.937 -0.288 ~0.083
(1.65) {0.45) {0.12)
SEFAC 2 0.317 0.061 0.163
(0.72)  (0.13) (0.36}
SEFAC 3 -0.814 -0.238 ~-0.507
(1.82) (0.55) (1.25)
SEFAC 4 -0.595 -0.175 ~0.456
{1.30) (0.37) (1.00)
Intcrcept 184.59 177.44 147.72 129.62 126.11
2 (21.79) (8.50) (3.21) (2.92)
RC 0.62 0.599 0.17 .36 0.36
3 9.93 2.68 1.92 2.95 2.95
SEE 1.65 2.80 3.00 2.64 2.64
N 73 53 51 53 53

Sousces:  For DEQA see table 4-3. For Kuhas, Kuhns (1972), tahle 21, p. 91,

0
Notes: R; = cocfifcicnt of deterndnation adjusted for degrees of frecdon.

SEE = stanlard grror of estirate.
Nunbers {a parcatioses are t-ratios.
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Explanitory
Yarfabte

Erdogenous

Goal [

Goal Ill~v

Goal [I-a
Goal ¥
Goal VI
Goal VII-p

Coal IX

e CE O M S
f‘.: Laneamis

STAFFP
OCEXTECT
FOCS
VALUES
SEX
DISCREP
T3ATISF
TMEDUC
REACTL
TSALARY
TEXPER
POSTUGRAD

TFOCC

TABLE 4-12

Froductton Functdons far Goal VIIT: Vocatiunal ™

Stogle-tgastion Nysten
Mruernative Models
nFQA Fulirs (1) )
Q.44
(5.61)
0.052
(0.46)
0.018
(0.1
0.024
{(1.0m
0,06k
(1.67)
¢.022
(0.21)
-0.029
(0.067)
10.912
(1.13)
~N.065
(3.69)
0.452
(31.53)
1.936 0.9296
(1.37) (1.52)
3.779 3.1811
(2.686) (1.44)
-G0.292
(2.11)
N.116
(1.71)
0.313 -0.2973 -0.179 ~-0.295
(1.71) (1.09) (0.57) (1.33)
q.297 -2.2112 ~0.19% -0.211
{3.01) (1.77) (1.49) (2.03)
n,Lno3 0.0004% . 0N02
(1.3%) (1.69) {1.25}
G.033 -3.0799 -0.076 -0.04)
(3.66) (1.83) (1.4% {1.16)
0.023 0.0033
(2.69) (1.09)
0.375
(3.42)
-0.0451 -n.0%2 -0.n22
(3.17) {2.61) {1.99)
3.8205 3.1%46 3.561
(3.50) (2.52) (3.93)

e lupnient

3 L7 EXR ATAALEST X E o £l

Simultanvons Systen

S

0.199
{h.4%)

0,079
(0.54)

-0.133
(1.13%)

n,031
{0, 93)

0.012
(1.52)

-0.127
(0.73)

3. 003
(0.04%)

-0.247
(1.31)

-0.186

! (1.82)

0.000)
(2.07)
-0.0H4
(1.53)




TABLE 4-12 {Centinued)
Single-Eguatien Svsten Sicultaneous System
txplanatory Alternative Models
Variable DEJA Xuhns (1) 2
TLOD -0.1889 -0.197 -0.05% -0.072
{3.57) (3.46) (1.50) {1.81)
CcS1z 0.0472 -0.026 ~0.00009 0.607
(1.45) (1.34) (0.006) (0.51)
AXMAN -0.0427 -0.030 0.031 0.023
(1.13) (6.73) {1.03) (0.91)
FSRAT -0.0733
(2.39)
SEFAC 1 0.168 -0.0657 0.50
{1.22) (0.45) {0.36)
SEFAC 2 -0.10! ~,259 0.26%
(0.92) {2.95) (3.21)
SEFAC 3 0.045 0.022 ‘; 0.045
(0.44) (0.30) (0.67)
SEFAC &4 0.135 0.022 ~0.011
(1.39) (0.27) (0.12)
S USR] N
Inteteept h3.96 18.74 £6.20° 37.80 41.55
(18.57) {27.86) (4.8 (4.56h)
xi 0.64 0.52 0.42 0.75 0.75
¥ 11.67 5.28 3.88 5.57 B.8N
LU 0.706% [EPAEE 0,632 0,414 0,414
N 73 53 53 53 53

Sooatve s

tor o7

N,

Sep

tatle

Y-,

For bahos,

vahins (1970,

table 23, p. 93,

2
Noatess RTow oeoedf

tetent of doter=iaatfon adivsied for Jdegrven of freeden.
SYE = stimiard error of eetioate.
Ninbers in parcatbeses are t-iatfos,
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Productton Fonctlons for Goal 1X:

Al m ik S WA

Explanatory
Varfable

tndopenous

Goal I
Coal 1V
Goal Vv
Goal V1
Coal YII-p
Goal VIILL

Goal X

TPPOS
MORESB
VALUES
OCEXPLCT
ATTEND
TCOLLEGE
PCTMW
STAFFP
RECIDEA
FAMSES
TSTABL

OCDESIRE

IABLE 4-13

Stoele-Fpeation Systen

DEVA Kuhnsy
1.102
(1.62)
-0.862
(2.5%5)
3.810) 7.2731
(3.71) (3.44%)
5.532 4.1945
(3.22 (1.75)
-0.192
(1.71)
3.667
(3.49)
-2.574 -8.2897
(2.03) ° (2.95)
6.8356
(2.03)
86,953
(3.26)
1.935 1.75092
(3.03) (1.38)
0,093
(2.97)
2.921
(2.73)
0.335 0.1806
$2.59) (2.11})
0.0015
(2.2

Appreciat fon of Hawan Accorplishments

B O U N T

Alternat ive Models

PRTT ST IAP

(1)

~6.
(2.

335
14)

2.573

.87)

0.

137

{1.29)

0.
(0.

0.
Q.
0.
(.

l
(3.

-1.
(2.

0.
(1.

~3.375

059
37)
269
59)
193
a1
113
54)
166
02)

170
21)

{(1.48)

[

1.920

(1.

11)

D N T b W T S S R,

Stoaltancous Syhntew

o e v o et e e ——

0.616
(1.97)
-0.043}
(u.51)

0.292
(2.70)

0.137
(0.79)

1,212
(3.08)
-1.479
(2.61)

u.2io
(1.38)

4011
(2.09)

2.406
(2.58)
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Explauotory
Varijable

ENROLL

Cuc

TIOD

FSRAT

ADA

SEFAC 1

SFFAC 2

SLFAC 3

SEFAC 4

Intercept

el
oo

)

SEE +

SWanther

!

DEYA

B35
(5.33)

0.65

11.12

TABLE 4~13 {Contiaued)

G I T S P
Single-Fquation Systen

Alternat fve Models
Kuhing (1) €3]

~0.0017
{1.3%)

-3.0578 ~0.102 -0.03%
(1.25) (1.64) (0.63)

-0, 1974 0,343 -0.15%
(1.01) (1.62) (0.91)

-0.1225 -0.0%9 -0.071
{2.05) (1.45) (1.28)

-0.001  -0.001
(1.06) (1.16)

0,662 0.164
(0.98) (0.37)

~1.494% -0.320
{3.91) (0. 89)

-0.119  -0.126
(0. 34 (0. 46}

0.595 0.435
(2.7 {1.3%)

120.93 165.85 51.73
{156.0%) {1.58)

0.53 0.40 0.74
6.76 4.96 9.6
2.2% .40 1.66

53 53 53

For C00d seo (abbe d=30 For Fuleis, Fahns (1972),

standard error el ost it

froparentheacs are f-ratins,

Sinultancous System

tabhle 2%,

-0.024
(0.55)

-0.204
(1.35)

~0.091
(1.68)

-0.002
(1.81)

0. 047
(C.11)

~0.375
(1.10}

0.017
(0.073

0.587
(1.3%)

65,49
(1.72)

0.74

pe b,

= oceeffictent of deternmiaattan adiusted Tor degrees of frecdon,



Peoductiva Fanctions for wosl

FANLY h-1h

Frepavaclon Coc o Changley Warld

T e - S P cheas
! ra b=t tea Mvsten } Stualoaneons Systen
Explanatory Alternatfve Madels
Yariable NEQA LNTANLE (1) ()
toadoyenouy
Goal ¥YIT-p 0.717 1.07)
(2.16) (2.60)
Gozl IX 0.0 -0.697
(V.35 {0.65)
Egenous
VALUES .71
(50D
GUIDANCE =S50 10 1097, 3569 14713.935 Ahl.021 1453.4198
(3.003) (2.0 2.36) (2.50) (3.03)
BOJKSP { 2.1 -0.1361 -G.l4l -0, 160 -0.020
i {(2.43) (1./70) {1.48) {1.12) (1.22)
CLPRACT -13.255 -0.3161 -0.371 -0.461 ~0.460
2033) (1.703 (1.67} (2.22) {2.68)
TCOLLEGE -2,733
{n
TEATISF -0.4%13 0.5232 0.1462 0.572 0.59%2
(l.13) (1.52) (1.8M) (1.42) {2.29)
TSALARY ~G. G010
(2.16)
MORESB -2.33%4
I (1.73)
RACK I 1.293 -6.6997
(1.73) {2.19)
DISCRER -0.708
{1.75)
MOEC 0.G73 -0.075%
(1.7 1) (1.59)
FAMSES G.G550 0.0962
(1.23) (2.84%)
TEXPER 0. 154
(1.53)
TCAREER -0, 3R 0.h174 0.919 0.904 0.563
(1.4%) (1.562) (2.1%) (2.28) {2.66)
SNOVALE .07 n.094%7 n.0n37 0.03h E 0.038
(1.3 (2.20) (1.89) (1.9%) (2.46)
MORESS 0.9557
(0.556)
ADA 0.0002 . 0002 n.0603 | 0.001
(0.20) (N.13) (0.63) (1.03)
CuG -0.1671 -0.171 -0.157 -0.163
(3.37) (3.39} {(3.24) (4.14)
TLAD -0.332% -0.29%9 -0.201 ! -0.231
(2.07) (1.4 (1.00) (1.37)
Cst2 -0.1951 0,051 0.062 0.037
{1.33) (1.23) (0.97) (0.6%)
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TABLE 4-14 (Continued)

B e

e heai mAE e Samia mowioa e Smatetm Al EEa i mas
Si{nple-tquation Systen

Fuplanatory
Variable

Alternative Models

IEOA Xuhns (1 (2)

e e B e iy e A 6 o e et » e o e e it o e e e e

1

AMAN

FSRAT

PSUP

SEVYAC 1

SEFAC 2

SEFAC 3

Intercept

Soutces:

Notvs:

R D S P

2=z

Simultancous Systen

95.99

(9.35)

0.53

6,46

2.04%
73

For DERA

el

$.2702
(1.76)

0.2756
(2.85)

-0.0074
(2.03)

135,60

0.47

3.66

.63
53

see table 4-3,

~0.0086
(1.33)

0.196
(6.47)

-0.031
(0.09)
-0.266
(0.79)

0.155
(0.50)

e

103.89
(11.00}%

0.30

2.40

1.87
53

L N

.3
.1

~—

I

4
"
Y

(

-0.004%
{0.96)

-0.280
{0.66)

0,186
(0.5%)

-0.118
(0.41)

0.115
(0. 36)

54.72
(2.74)

0,41

3.60

1.71
53

0.377
(2.77)

~-0.004
(1.28)

-0.452
(1.17)

0.081
(0.27)

-0.058
(0.24)

0.266
(0.94)

! S4.76
(2.67)
0.41
3.00
1.7

53

ter Yuhas, Kunns (1972), table 27, p. 98,

£ = coeflictent of determination adjusted for deprees of frecdon.
i

SEE = standard error of esrinate.

Numbers In

pareathivses are

t-ratfes.
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The third column in tables 4-3 through 4-14 reports results
for an alternative single-equation model, utilizing Kuhns's data.
It is similar to the DEUA and Kuhns models insofar as only input
variables are included as cexplanatory variables in cach equation.
It differs from Yubns's wodel in two respects: first, all of the
environmontal variables are omitted, and the four environmental
factors SEFAC 1 Lo SEPFAC 4 are included instead in cach equation,
Second, an atterpl has been made to remove from the cquations variables
which appear to represent ontputs more than inputs (such as OCDESTRE,
OCLNPLUCT, HOLDING, and POSTSRAD) as welld as variables which are hiphly
correlated with other variables in the cquation. (For example, it
does not seen reasonable to include both CSIZ and FSRAT in the sanme
¢rquation, since the correlation between these two variables is 0.86;
similarly, ENROLL and ADA are highly corrclated {r = 0.88] so that
only oue of these two variables would be retained in any equation.)
The conaequence of the specification approach would be to veduce the

explanatory power of the nodel--since huhns's specification was

g%

based on naximization of R7--but {t was hoped that the rveliability
of the repression cocefiicients would be enhianced,

The fourth column (Altornative Model 2) differs {rom the
third colunn (Alternative HModoed 1) in that a number of outputs are
included in the sot of explanatory variables in eash of the equations,
The outputs chos.n for ecach eqguation vepresent the apriori judgpient
of the author, which was influenced by discussions with persons
familiar with the dara and the educational process.  The inclusion of
output vartables fin the equations takes into account interactions
anon, the outputs and affords comparisons between the coefiicients
of Altcernative Models 1 and J.

The final colasn in the tables reports the structural
covfficienss for the siraltancous-vouation wodel,  The speciflication
of that vadel Is i heatical to that of Alteraative Medel 2, except
toaat tie oatput voariables fn the explanaiory sets are treated as endo-
venecs vardiabien, anl the TwosXtape Teant Sopnares technigue isoutiliced

S, . LN : Lo ) s
R U S PR S S N E CNS S STE ST N cole ot Ui valuoe o 10,0, and

i for the sinultuncous=equation rodel are taren tvea the vespective

61
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values obtaloed  fov Altecantive Model 200 Thils preobably underestinates
the explanatory power ot the sicaltancons—equat fon sadel, but noe
theoretdically valld alteroatives are availabhle as vets In any event
the effort here was not to paxisiee E{':, nov should [t be foplicd that

“

the waxinisation of R {s necessarile o pricary objective,

The simaltaneous—-cgpat{on technibque also poeraits the computation
ef the reduced-tora covfttcients,  That is, by solving alyoebraically
the avsten of twelve eiquations o terns of the twelve outpats, it Is
possible to derive coetticieont estimates for each oatput, includiag
inpets only in each equation.  The advantage of the reduced-forn co-
eliicients over the DEQN o Hubhas models 1s that the interactions
anone the outputs ave taken into aceount.,  The reduced-{orm coeffi-

clents are presented in table 4-15.

Applications

[t would be fruitless to desceribe the regression resules for
cach of the outputs without sone applications in wind.  Thecefore,
it seewms that the best way to highlipght che results would be in the
tora of applications to which the resules may be put,

A word of caution way be appropuriace at the outset., It should
be vecognized that the reosnlts reported in this stady cannot be
accepted uneriticilly,  There are preblens in the collection of the
data, i the veliavility oF both carput and input measures, in the

considerable intercorralerioa thiat recains {n the varioas eguations

despite efforts to rodnoc 0, snl, finat Iy in the specification of
the sodelse What Toliow ¢ fon of whiat conld he dene with
such results once one 10 oo L e dsried thot the data and the
aadeclyingy vodels are oo i

faternal Healloecatior of e

School privoipals could, In prigcisle, be given sufficient
flexibility to reallocate resources withia their schools, subject

to some constraints, so leng as total eupenditures remaiin fixed.

64
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For exarple, o sccondary school principal sipht be given an nptien to
choose hoetween the followive: (1) hire ten teachers at the averae
salary of $10,000 aal (2) hive Tifteen teachers at an averayre salarey
of $H,667. Jo the first lostance, the typlieal teacher oiypht possess
preater previous experience awd/or ciucatlonal training thin woutd be
the case in the second optlon. Howewver, with fitteen teachers, the
principal could expand the carviculun, anl/or reduce the teachiag
load, and/or reduce the average class sice (provided cnoush classe-
roon so.ee is available).

suppose, for cxample, that a scucol has an earollment of 100
pupils and offers 200 acadesie hours per week of instructicn. If
ten teachers are hired, the teacher/popil ratio would bLe 0.1, and the
averaye teaching load would be tweanty hours pev week, If fifteen

teachers are hired, the teocher/pupil ratio would bke 0.15, aond

the teaching load would be only 13.3 heurs per week., Suppose, [ucther,
that the scheoel principal wishes to increase the students' vecbal

skills, and that the average experience of the two scts of teachers
would be identical (the enly diffoerence botween the two sets boeing

the averapge educational level). TFrom table §-5 it iy seen that the
coeftficivnts for the teacher/pnpil vatio and teachiany load, respectively,
are 15,146 and ~0.13L. The difrference botveen the two options is

given by a veduetion in teaching load of 6.67 and an increase in the

o
teacher/pupil ratio of 0.05. 'The total eifect is given by:

Change in Verbal Score = 15.1446 (0.05) - 0.131 (-6.67)
0.737 + .874

1.63

[

That is, the replacenent of the ten expensive teachers by the fifteen
less expensive ones would reosult o an increase in the verbal-skills
score of 1.63--more than @ 10 percent Increase over the mean score
for the fifty-three Peansylvania schoots,

[t should be noted that no offsetiing reductions in the verbal
scores Jare caleculated for the alleged cftoect of the rveduction in
teacher "quality” (resulting f{eon hiring less expensive teachers) on
verbal skills. MHowvever, except tor TEXPER, none of the variables

o supposedly related to teacher quality have entered the equation,
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Morvover, there is a negative (though not statistically significant)
cocfficiont associated with teacher experience. 1f the morve
expensive teachers are more experienced, as is usually the case,
then it 1s possibie that the anticipated change in the verbal

score reported ahove would be even greater.

The results indicate the potential {mprovements in verbal
skills that may be reaped by changing the mix of teachers., This
is not quite so casy to implement as it may seem at first siphe,
because teacher hiring and {iring is subject to collective bargaining
agreccoents. Furthercore, cchool principals all too often have no
dealsicn-making latitude in this respeet. Nevertheless, the results
do indicate an arvea where internal veallocation of resources night
cnhance the productivity of the school systen,

One problen that nust be considered in this regard is the
effect of the proposed change on other outputs, For example, how
dees the change alfccet students' attitudes, health habits, and
vocational developnent? Consider Goal T:  Self Concept. Table 4-3
indicates that the reduction in tecacher lead might, again, lcead to
Improverwont In well concept.  However, a reduction in the averape
educational level of the teachers is likely to result in an opposite
cffect.  Since neither coetficient is statistically significant,
one night concliniv that the overall effect bf Lhu proposed change on
self concept ds probably ril, but the need to assess the impact of
the reduction in the average cducational level of the teachers
reridins.  Morcover, an inspection of table 4-4, for crxample, reveals
that o reduction in the teaching load is likely to reduce the score
on Goal 11 Underatanding Others. A similar effect is shown for the
reduction in salary, The icplication of all this is that the school
dectsiovn raker rost welgh the beneflts tron a change in one output
(such o verbal nxiils) apainst losses In other outputs (such oo
anderataanding others), The Jecfsion =ay not be sinple or caay to
ke, Dol oconsistent resunits of the type preosented bere wounld pooa

Tony wis fn o voahl iy sohiool naaapement personnel 1o e bettey

.
o b [
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Orher Manayverent

plicat foas

The results supeest several foplicatfons for manaseeat which
do not require elither nevw or realivioed resonrces. For cvxagle, the
nse ol Innovative proctices by teachers could enhance output, as
could ehamres fn teacher satistaction and values.  In table 414
Pt i observed that greater use of innovative practices (LEHOVATE)
and preater teacheor job satisfaceoion (TSATISE) arve likely to ducrease
the score on Goal X: Preparation {ar a Chanying Vorld.,  Another
exarple is the coetUicienc ot REUACTL (-0.186) in table 4-12, indicating
a lowver score on Goal VITE:r Vocational Developrment as more Leachers
porceive profensional recosnition to be achieved through personal
relationships (such as rapporvt with central office or imnediate
sipervisor) rather than quality and qumtity of work completed,

'n addition, the results suppest distvict-wide implications
regarding such wmatters as desirable teacher characteristics, use of
entdance personnel, auxiliacy manpower, extracurricular expenditures,
prvaprofessicanl sapport, or library resonrces. A complete discussion
of these pousibilities is beyond the scope of the present vesecarch,
and the reader is nrged Lo exanine the results in detail vegarvding possi-
bilities for both reallocation of present resources or the allocation of

new vresources,

Proddiction
The main purpose of the data collection activities of the
Divigion of Dducational Quality Assessnent in the Pennsylvania
~ . .
Department of Pdacation is to enable schools to deternine the oxeent

to which they achicve an outpnt tevel consistent with the

49

iv fuput lewvels.

If there are n schools in the systen, then we conpute for cach school

(4.4) Y, = a, + aX + a, X + .00 b a X, (i=1, n)

A - [
where Yi is the predicted level of the ontput, Y, for the itin schoolj

LR a, are the k repgression coefflcicnts for the preduction

68



function of Y taken from tables 4-3 cthrough 4-14 for the single-
cquation models and table 4-15 tor the simultanecous-equation model;
and :ji is the level orl the jth input observed in the ith school.
When the results obtaiacd by DEQA, Kulms, or Alternative Model 1
are cmploved, the production-function ceefficients nmay be used.

In the case of a simultanceous-cquiation model, the structural
(production~functicn) coefficionts arc not appropriate because
their use would reguive a priori prediction of seme of (he outputs
in crder to predict other outputs.  The reduced-Tform coelficients
in table 4-15 overcore this problon, providing cocefficients

useful {or predictive purposes without the need of prior prediction
of the oatputs,

The main thrust of the DEOSA analysis iy that schools with
different input levels ought to expect different output levels.
Honce ? would depend on the levels of student, comaunity, school,
and dustructional-ataff inputs.  The Schoel Report, sent to pacti-
cipating schools by the DLIA, contains predictions for cach school

:

for cach of the outputs, along with a prediction interval (given by
A T SO - oy s
- SEE). [he position of the actual schoel score (YY) is also

noted.,  To the extent that ¥ is within the prediction interval, the
implicaticn is that the schoul de deing approxinately as it should.
Sirilarly, 17 Y is less than T SER, the school Is appareatly less
productive than it shoeadd bey and soue remcdial actieon is vocommended

{burson, 1972},

Conaluling Cersments
Tie Peansylvania data provide a number ol insights for school
Poinavenent personnel. Proserly interpreted, the resalts should be
gqrufte uneral, AU the e tive, it rast be recopnized that both the
duata oard the gualvsis are less than fdeal, soothat ouomavenent decisions

shoudd nor orely oescolucively oo the datapresented here, Moreover, the

O
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cquat fon systeas reported fn this chaptor provide only partial

intormation to decision makers,  The analvsls does not perodt an
cxanination of the etffect of various {nputs on the overall level
ot output, The next chapter peesents o model which attempts o

overcone this difttcatty,

o
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CHAPTER 5

THE OQUTPUT INDEXNT CANONICAL CORREIATIONS

The analysis of the preceding chapter provides a limlted
use of input-output analvsis for educational managenent because the
repression coefficicats—--whether in the single- or the simultancvous-
equiat ion models--inlicate the expected change in any one outpul due
to clirnives in one or nore fapats, but not in the overall level of
educativnil output. An index of output which takes into account
all ol the outpuls could b2 uned to covercome this problen,
In addition, an overall output index is noecessary for a number of
applications, including an analysis of ceconomies of scale in secondary
schoolw, and for the doveloptient of a teacher salary plan based upon
the preduction-funciicn concept.  The output indexes presented in this

chapter are based uspon the canonical corvelation technique,

Canonical Correlations

The technigue ¢f canonical corrvelatrion is desipned to assess
the denrve of assceoiation betveon two sets of variables. Let one

of thoae sets be denoted by \'], You «oen \'1 and the second sct by
2 1

Xl' Xos eves & o In the canonical correlation analysis, a canonical
. (22}
covrelation coefficiont is computaed such that the correlation between
n
the weishted sam o the Y's, piven by ¥ iji’
r i=1
of the X's, given b 1 v.X ds mawinlued. OF fnterest in the

and the weighted sum

preseat cnalvels are not o toch the canondeal correlatien coeftficients,

bul rather the wedl s, wo, wiich are asaociated with the maxioon

i
canenical covrelation,
)

treond Satich s iV i e bt o tor e e atjonad
Pt i b D Mepr s caa s Gt sty e ver s dEE not
consbler the utiliscrdien or tos techndg o tor b velep i onoefnsational
ety lcadesy Poroa D ernaion el the cethiedolor fe o o s st ties on
O T T T AL L T P U S R S SVR Y O S PE I S S LR TR TAPRY S U IR FFALI P A S SPURL P I
S TS SEC N U S AN B PE ST RS E TR S N IR RS I




I the prosent context, the set o of the Y0 woall represont the
sutputs and the set af che X'a, the dopats, Thas, the w's are i
cononfeal outpur wedlshirs, and the 2 ts are Uhe respoetive lupat velehes,
Lo the extent that one canh] gusee that ontpats ave the ogteones of
the lepat s, the output wolehts fadicate the relative i

srpance of

cach ot the eatputs an exhibited by the foper -outpat data, Thils pay

boeoa pradact of sore coascloas maneenent decistons on the part of
cvhool adivinistratocss, or it couhl vesult from the iaterplay of

tarces beyoad the control of school admiaisteators GBen nowanipatative
inpots are also foacladed fn the fapor scet). Consequently, it woald

ot be surprising it the weiphts sroduced by the canonical corvelation
technigue conflict with the weiphts that soce adninistrators belicve
should be assigned te the outputs.

Once output weiphts are obtained, aun output ‘udex could be

computed according to:

A 2
3 ko= ) e
(5.1) Q ii‘1 'iQi

15>

where Q8% is the output index, and W is the squacred canoaical weight

associated with the ith output, G.. Q% could then bte coputed for

i
cach school, and analysng utiliziay such an index may tawe place.

Output Inlexes

he Peonasylvania data have been utriltized to derive o pumbor
of outpat indexes. The indexaes differ fron one another according

Lo the sets ol dnput and outpurt wvariables that are {ncluded {n the
canonical correlation analysis, Table 3-10 provides a list of out-~
pits and inpuats incleied in each of the cancnical analwyses,

The Tirst and seeend canondcal annlwses ditier only In that
the variable LOLDING was incinded in the secead, but aot in the tirvst,
analysis,  That vaviable bas been dncluded in the inpat set by DEOQA
and by tias, However, it appears that BOLOITS represents an outpal
of the educational systen, dndicating the Jdepvee to which the sviten

2
tas been successful in retaionins ctadents,”  The two canoafeal analyses

For a similar arsument, see burkbead, Fox, amd Bolland (1967),

. where a simflar variable was reganded as an vatput variable in the analysis.
¢
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are intended te nrovide a comparison between the resulting cutput
indezes and to indicate the effect of changing the output mix fron
twelve to thirteen variables,
The third and fourtl canonical analyses likcwlse provide a
deseriptive test of the sensitivity of the canonical output welghts
ard resulting output indexes to changes in the sets of inputs
included in the respective canonical aualyses.  Thian, while both
the thivd and fourth aralvoes contain the sawe output sets as the
firet analysis, the nunber of dinput variables iucreases from thirteen
to forty-twa for the thivd run and to forty-sceven input variables for
the fiaal run. We note that the inputls in the first canounlcal analysis
arce based on Xuhms's "preoposed medel' which includes mainly nanipulative
variahles.  The dnput set included in the third run was chosoen on
the basis of a sonowhat revised list of variables entering into the
single-cquation nodel developed by Xuhas, whereas the input set included
in the final canonical analysis contains all of the input variatlos
in the data set, with the exception of inputs which appear to be
provics {or outputs (OCHESTRY, OCREPLCT, POSTORAD, and HOLDING) and
inputs which ave highly correlated with other inputs in the sane scot,
The norzalized canonical weichts for the outputs In cach of
the analyses arce reported in table 5-2. One s {mnediately struck
by the considerable varfatioen amony the sets of weights, althouph the
variation between tihe first and secound sets is relatively simnll.
1t stould be noted, however, that the cutput Indexes are based on the
squares ol the canonical coefficients (*.:1.2); hence, a shitt ia sign
but ot in absolutce value eof a weight between successive canonical
antivies would have no effect on the ontput index. Morcover, cven
{f the various sets of welehts are subsntantially different fron one
ancther, it ods still opossinle chat the output fndexes wonld be
nihle corrclated, no that ia practice It would nor rmake e h
difreven e which of the sets was chosen for the development of the

outyuat foiex,

o
-
—
<
[

]
o

sroevides sn DThastration ol the tanner by whirlh the
oatent dntexn du oceaguted tros the canenical wednhts tos oa particualar

schinel Chohool &30 The Jevels of the twelve outpats in that school
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TARLE 59-1
Tnput and Cutput Variabhles Tneladed in the
Canwntceal Correlatton Anlvises
SLER LIRS L2 203VI0 XCTLIDMOUR T S LUASUTAT L L7 S0 TURITATVRCSLL LT ndm2onr.TorocT U o titToeoyolia

Ouput Ou(;\tu Vo l!' slos Inoar Variab fos
lndex suniber Acronyis

g~ - g

NYSTRELTED I ‘\(XUH

L 12 GCoal I 13 FAMSTS,
throuph TSALALY,
| Goal X ADA, CnG,
PRCO, 110D,
CSLL, ARE,
DRAT, AlAY,
AXMAN, FSRAT,
Psup

2 13 Goal [ 11} FAMSES,
throupgh TSALARY, ADA,
Goal X, CuG, r\CO ,
HOLDING TLOD, CX1Z,
ALY, ”’u\F
AMAN, AKMAN,
FSRAT, Psurp

3 12 Coal ( 42 Skx, LOCATION,
throagh RACE, LIBRARY,
toal X MORESH, MORESG,
VALUES, FOCC,
MOCC, POTMW,
11\15}“.': , TPPOS,
TLOCALE,

TCOLLEGE TS TABL,
TDUC, REAMCTL,
RECIDEA L TCAREER,
TOSATISE, DISCRED,
CLPRACT, TSALARY,
TEXVER, TENUC,
FEYONT, I....\(WLL,
HOURTLS, STAFFP,

) pOOIEP . CUIDA ‘(“‘.,
I fA. il ("br,
PRCO, T1LOD, N AN
‘x“’ , DAAT, '\.u'x e

AXMAN, FURAT, PSUP
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TARBLE 5~1 {Continued)

Out put Dutput Varinbles _Input Variables
Index fanher Acronyns Nunber Acronyus
4 12 Gorl 1 47 SEX, INTERRAC,
throush LOCATION,
Goal X ACE, LIBRARY,
COURSEL,
MORESH, MoORLEG,
VALULS, AT,
POIMY, FPAMSES,
TAGE, 1PPOS,
TCOLLEGE,
TLOCALL, 'TSVARL,
TMEDUC, TI0CG,
REACTL, RECIDEA,
TCAREPR, (TRATIST,
DISCRIT, CLYRACT,
TSALARY,, 1EXPER,
TEDUC, TSEX,
SUBSIDY,
INSENADM, LEFYORT,
ENROLL, HOUSIHG,
BOORSE, GUIBALCE,
NNOQVATE, COC,
PRCO, TIOH, CST1Z,
ARTL, BRAY, AMAN,
ANMAN, TSHAT,
sup
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TABLE 5-3

Calculation of an Output lndex:
Illustration for "School A"

R e N I T L C L

Vilue ¢f Geal
in School &
Goal (Qi)
1 89,45
11 91.05
111w 15.52
Ihi-n 18.71
v Q4,02
v 170.81
Vi 122.74
Vil-p 60072
Vii-o 137.21
Vit 84.02
1x 156,47
X 10%, 43

Canonical
Weicht
i
W
()

006400
L005481
2126025
363609
L015867%
1354724
123201
LO3T664
056109
LGh1529
L00TS4AY
.0172769

Out put

o
() wek

PR e TLAS

An

T F RLECETECINT S TLLLFrETIcrour

oz

Contribution of Coal
Output Factor in School
R
(Qj ¥ wi-)

1.9559
6G.8031

1.5022

23.1318
15,1217

. 7082
7.7069
4.3295

29

Ay &

59

1.3960

72,1472

actor =
Q.))
j

YA
o)

SN i

to
A
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are e {on the tiest colann (Ql). In e seeond cola o, rhe aqaaved
canvntedad welohts tor the teurtlhe canoafeal analvain are provided e )
Phe et (richitmest) colura represents the contrilacion ol eact of
the ontpants to Lhe total oatpat dndex, cervred by ot ceedaet of the wquaved
canonteal welpht and the reapoective ontpel tevel (L11 o TY. the
overall outpnt level is given by the san of the contritations of the
ontput Cactors (72,0472 tor School A).

The sane procedare was eeploved vo derive oanpat lovels for
cach oot the fiftv-three Peansylvania schools on the basis of tha
Yonr sels of canonteal welshts, 1o test the consiscency ot the four
outpuat indered, Lhe correlations amony the four jodexes vere

conputed and are reprodaced in table 5-4.  the outpnt ndexes were

also correlaced with an alteruative measu

-

e of output--rhe sun el the
verbal and sathenatical scoves (Goal (f{-v 4 Goal TII-0)--tou seae
whether an output indes which is based on a nunber ol cducational
cutput dinensions differs fron the traditionsl weasuve ol basle
skills as the sole ifndex of edncational output,

Tha results of the corvelational analysis ia table 5-4 ave incovelu-
sive. On the one hand, a high correlation i{s found among the {irst, second,
and tourth indexes. Yor reasons not yet clearly understood, the thivd out-—
put index< is not as highly correlated with the others as one would des{re

1f it can be avyued that the canonical correlation techinique provides outpul

indexes that are velatively insensitive to changes in the set of inputs,
Apparcatly, the addicion of 29 input vaciables does change the ontput index

to a censiderable extent.,  Hoewever, the fourth index, boascd on 47 iaputr vari-

-
—
[

-4

s, ta nishly coveolated with the first and secoad indexes Alsa, the

>«

additinn of the antsar HOLDING docs not cppear te atfect the ontyont index
much {compare indexes 1 oand 2).,

In addition, the corrclations botwoeon the basic skills score
and the entpus fndeses are relatively low,  bHven the bivhest ceorvelation
(between Lhe basic skills indox an? the Vonrth canonical dindex [020.729])
{s uot wvery highy a reprvession analyvsis, with the basi: skills scove
as the independent varitable and the fourth onput indiex as the
dependent variable, indicates thit ia many cases the prodictesd

output is much different from the actual seore, sy thit the rank

ordering of nany scheools differs considerably in the two cases. This
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TABLE 5-4

Zero-Order Correlation Coefficients for
Outvut Indexes

Sum of
Index 1 Index 2 Index 3 index 4 Verbal and
Math Scores
Index 1,606
Index 2 0.9924 1.0000
Indexn 3 0,.6492 0.6449 1.0000
Index 4 £.9036 0.9180 0.6372 1.0000

Sunm of Vorbal

and Math Scores 0.4257 0.4576 0.3093 0.7290 1.00¢C0

Iy
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fnoowactly why (U 4s conanilered necessary to bnclade other ontpats
fn the analysts, and the veoslts veported hevedn copport that pesttion,
(N isilar tewresnbon analesis Far e conondeal dntones dunddicates
it the tlene o sevcond, and Yoarth hndoses are veey caed predicrors
el ane another; this s ol true tor the thind intesd)

Apolications Tavolviang the Ootput Telex

Althousth there would be numnercous epportunitics to otilize

the output fwdes, the present analysis will be cont ined to twe applica-

rions with refeorence to a chird.,

Yeonnnics of Scale

One areca In which conslderable rescarceh has been undertaken in
recent vears is ccononies of seale in =chool O}‘L‘{‘LiLil)l].‘i.B ihe resecarch
hias been hampered, however, Ly the lack of a comprehensive outputl
neasure that onst be used in the analysis te take agcecount of varying
cducat tonal qualities.  Since the nethoelology used to deteraine scale
eifects tas been developed and fully discussed elsewshere, there 18 no
need to repeat it here.

Supposa that the srhool is the proper wailb tor analyzing scale
cifects, I a parabolic relationship s assumed (bertween the cost and
size variables), then the ovaation which one seolis to estimate vould

reseble the following:
_-~ . i ( -2 N y Jd
().:), C = a- bs v ¢S 1 L!Q FoeP 4+ oy

whete {0 ts per pupil cost, S Jg schaol size, © Is the overall ouatpul
peasare, Fois oan o dndew of the grices thar the seheols mast pay for
varions services, wul uois a4 stochastic ovror tern. 1t s not necessary
to instude variables mweasveing dif{orcacas in socicoconenic conditions
beoanae they shonld not affect the cost of educarion unless clucational
guality is affected, and elucational qguality is iancinded as a variable

in the equation. P is fncledel to adjust for cost variaticns among

35(:0. for exanple, Cohn (1263), Cobn and ¥ (1973), Hettich
(1963), Hirsch (1959, 1966), Ricw (1966)Y, aul Satulao and Hickeod (1971).
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schools which are due strictly to differences in cost-of~1living
conditions across the state.

1t has also been argued that a hyperbolic cost function
might he more appropriate (Cohn, 1968, and Cohn and Hu, 1973),

In which case the cquation to Le estimated is given by:
(5.3) C=a+ b(l/S) +cQ+ dP 4+ u

Fuodrical Resabts.  The fourth canonical output index was
utilized as a proxy for Q (becouse it is based on the largest nunmber
of iuput variables). Although a coaprehensive uecasure of cost is
lacking, iatorsation is available on the variable INSEXADM (dnstructional
capenditures per pupil in averanse daily menbership) {or the Pennsylvania
datia, Use of this variable will certainly limit the cxtent of scale
cconcnies shown by the data, but the main purpose of the analysis is
to illustrate the uses of the outpat index. Also, average teacher
sanlary (rollalY) has been used to represent P obecause rost instiructional
costs ave a direet result ef teacher compeusation,

Table 5-5 provides the regrcssion results for cquations (5.2)
and (5.3). The empirical results are clearly disappointing. Tirst,
none of the repsression coedficients are statistically significant, and
it appears also that all of the variables taken topether de net
contribute sipnificantly toward the reduction in the variance of

/

INShEAD, Despite this, the sirns of the coeflficients are consistont
with a priori expectations.  Further analysis, utilizing both different

data and difrereat cost measures, night prove nore rewarding,

tvalnation ot the Contriburion of Teacher Characteristies
Tt i well doewn that teacher salarices are typically based on
the so-cvatled sinele satary schedale, whoere individual teacher salarics

are only o function of teaching experience and educational attafnrent

(Coba, 1270, chapter 95 Beason, 1ued, crapter 10).  This author has

."5’ . Nees
itoshould be noted, hewvever, that, exeept for VIROLL, all of

the vardddes foctoled da the noded) heve vory Tow coettfoionts of varda-

tien (.06 Tor TRALSDY, LY Tor ToATARY, and G.01F tor the outpot fndex).
1] L]
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TALBLY 5-5

Nesression Desalrs tor beononien ot Seatde Madel

Cropoadent Variobhle = DHsTRA

= £ = -"!' e = - T . -7 z T b Y Tz - PRy Lol 4

E
e lanatory | Pardbal (e 4 Y Heoerbholie Fanoetior
oaplanatory ! Parabotte tuapnctian bvperooile fanetion

vartables b t b t

;
|
|
e e e P e e .._,-+ e ..
Catput (Q) 0.9048 0.195 i 0.952 0,207
TSALARY (1) 0.0178 L.547 0.0179 1.538
FSR0LL (S) ~0,0163 0.0341
2 b
rurotL® (89) 0.000001L5  0.062

L/EnnoLL (1) ; 9550.7617 06,777

R 0.0% 0.056
R 0.00 0.00

1" 0-77 Oc96

SEE 41,23 ; 40,91

1

e L e e ——

-
notoes:

= partial regression coefficiont
= t-ratio

rt T

>
R” = roofficiont of determinaticon corveetel for degrees
of freedon.

SEE = standard crvor of estimate
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argued clsevhere (Cotnny 1972, pp. 293-297, and Cohn, 1973) in favor
of a snlary program which would take into account those factors which
appear to influcence educational cutput, so that teachers possessing
those attributes which, on the averapne, are shown to enhance educa-
tional output would be rewarded in proportion te the production-function
coefficicatrs, Vor example, if a unit of teaching experience is shown
to inerease outpatr by an averave anount of 1 percent, a teacher
possesainy one unlt of cuxperlence greater than the average for the
sanple unjer stuwdy vould bhe paid an increnent in salary proportienal
to the 1 percent inproverment in output.  Such a salarv policy would
vnoourdse teachers to accuire the attvibutes for which a monetary
reward in oifered and would serve to reduce the gap between
salary poavavnts and relative preductivity levels of teachers.
Apain, thz model proposed here is not intended as the ideal
froa coork for weasuving the contribution of tcacher characteristics
tie rathor serves only as an cxample.  The equation to be estimated

i oiven by

\C i+ v

i

(5.4) Q= a+ bl'i'til‘f LEGE 4 b TEXPER + b_s'i‘ili)‘d(‘. + i F
- i=1

whevre O s the overall output seasure; FAC 1 is the ith factor
account iny for student, cormwunity, school, and teachor inputs
not explicitly facluded In the cquation; and u is a stochastic
cerror term,  The model would auscess the contribution to tntal output
(@) of clucaticonal preparation, teachin experience, and type of
colloge from which the teachieor svadunted,

frodvics) Peanltue Bstimates for the threo teacher chivicter-
{5tics Lere obtrined on Lhe Lacis of the fnclusion of eleven lactors
and five tactors (cther than those explicitly fncladed in the equation),
respectively,  Since the wdditien of six 'actors did not contribnte
sh,alfi-antly o 1t e cuplanatory power of the model, only the ejuation
with Ui five Tartors {(2=3) 1s reported In table 5-6, The resalts
tadicate thit none of tine teacher oherarteristies has a statistically

I3

Cioant coefticient, Thin o ts particwlacly revealineg with regard

-

s1od

yaoe.

o TESUDE and TEDVO, becaase the vesalts ocontlifot with aceopted

epfonden it exper tence and cducational preparatfon stoald be rewarded.
O
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TARIY 5~h

foeashor

(hependeat Variable = Yourth Gaepat

Revression Resalt s or Chiracteristfes Model

Tadex [

molannvary
Ve table

Partial Hevression
Lovtt icient

ICOLLEGE =.0582
G.0667
0.1520
0.2343

0.1149

I'" .'.\ C 5

F 3.743

1.035

¥

cﬂ-’f
of trecdon
standgard

crrov of estimace

t-Ratio

0,042

0,043

0.229

1.234

0.555

4.154

1.731

1.180

Vicient of determination correcred for deprees
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Note, however, that the ovtput variable has an extremely low coefficient
of variation (0.018), indicating that the fifty-three Pennsylvania
schnols utilized in this analysis are quite sinilar in their educa-
tional output. The same is also true of TCOLLUGE and TEDUC (with
cocfficients of variation of 0.053 and 0.067, respectively), but

not. of TEXPER (with a cocfficient of variation of 0.243). One

would have to cxamine additional evidence before the presont assump-—
tion reparding the contribution to output of educational preparation

and cuxperience could be dismissed.

Outont Incentives in State Atd to Blncation

Tt has been preposed by this author (Cohn, 1974, chapter 7)
thit the state atd formala should include incontives for schools
to increase thedr productivity, A prevequisite for such a framework
would be the development of an output index that can be shown to be
consistent over time. The present analysis provides the nucleus for
farthor developoent and testinpg of (he ontput index over time and space.
(Readers who arve interested in the state aid incentive plan may turn

to the earlier publication {Cohn, 19741.)

Concluding Cuo

The developaent of the output indexes was shown to provide
coveral poscibilities for future appltication. Although it does not
appear that the present erpirvical results orfer much in terms of
rajor conclusions, they do offer a new framework that should be
helpful in toiare research,

It hs been noted that the output indexes are not very sensitive
nees In the ontput sel utilizscdl in the canonical correlation
valvaia, ey are, however, sengitive to chances In the iaput
ety Also, Uhe output dadexes may not be consintent over time and
apace, and ose would necd Lo study thoa with oreat care hefore sweeping

conclusions are drawn,

89



Fiaatly, oie ashoal! noe Yo sacisticed with the canonfeal
coervedatton cotuod ans the single fraseworyd Tor obtvbinding vautput
indeses,  Alreractiye appreaches should e deviscd and cocparfaons
shontd be mate to ascertala rthnt the

anors the vesalting fndeses

entpuat foded used tor ronaerment parposcs s as sound as can be,

o
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CHAPTER €
COKCLUSIONS

The models presented hierein sapport the contention that,
on the average, corne reallecation of resources—--without the need
te purchase new inputs--could cnbiince the outpnts of the ednea-
tional system. One is not quicte certain, bovever, how far svch a
reallocation could go and what prrecise wff{ects such changes in in-
puts wvould generave.

Concidering the equation systons, a strong argunent wvas made
in fovor of tne developmeat of a simultancous-equation systen. Tt

1 y

is quite apparent [rem a close exanination of rhe results that the
I
13

levels and sion

I3

O

W

the repression cocfiicients vary between the
single-equation and the sinultencous-cquation models., HMorcover,

the sinultancous-cauation approach enables one to calculate the re-
duced-form ceefifcionts which pernits prodiction of each of the out-
puls on Lhe basis of the input set alone.

It Las been noved that the nain Jimitation of the equatlion
systens is thao decisions nust often he rade with reference to the
overall output ievel. For such nn analvsis, some form of an output
index is needed. The canonical corrcelation techuique appears to be
onc usefnl methed for developing such an output index. It has bern
shovn that the reculting ontput index is sensitive to changes in
the dnput mix but velativels insensitive to changes in the output wix
utiiisad in the cononical correlation analysis,

Althougsh the output index should clearly be helpful in a
nusber of applications, s use ia the contert of the present data
and the twvo applicatiosns dincussed in chapter 5 owas less than en-
convasing, Toia ray Lo due, 2U least dn part, to the very low ob-
served variation nothe outpat {ndog onong the Dty -three 'eannsyl-

vanda o scheols. Ghe ovesualte of Lhe teacher=characleristics analvals

do smacveal, nowever, the need to reevainate the prevailing assunpst ion
revardiag the contiihation te cluyeational cutpur ot teaching ewn-

cluoational preparation,
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Phe results ot the stady suveest that coloolin Lacters are
toportant Ta the poodoction o ciucatien and that soe oaniymiative
Lroats condbd be clhimeed to sone extent br oscheol adninistraters to
faercase cducational outeat . Decanse the sarple e boia thiln stady
o relatively seatl, and beeawse the natave of the vilacational pro-
duction tunction scill elwdes wsy one siculd vicw the results «<ith
proper cautton.

Additional data collection an! analysis, invalviag both the
preseat and alteroative approaches, (s secessary In order that a
body of vrpivical novledee «will become available.  Suscessive cx-
porimentation with the sodels and aff irmation o the resalts wcross
time and space are necessary botore such vesults could he used

with any depree of contidence.
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